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Cities, are seen as the agglomeration of human activities are the main source of consumption and 
pollution, aggregation and segregation, even poverty and fear. On the other hand, cities are also 
seen as the source of convenience and livability, culture and civilization, even wealth and 
happiness. How to make the city becoming a source of solutions, but not a source of problems is a 
global theme.  
 
As the physical, social-economic and perceived aspects are the three approaches to understand the 
urban space. In this study, we introduce the concept of urban spatial attributes which can 
quantitatively and qualitatively describe the configurations of cities from physical, social-economic 
and perceived aspects. Urban spatial attributes contain the basic “information” of a city element, 
and can fundamentally determine the future of the city; therefore, it seems as the “DNA” of a city.  
 
The academically cognition of urban space have been last for over 100 years, Positivist School 
advocated that physical environment and social structures are main factors which determined 
human behavior, rather than genetic and personal characteristics. Moreover, the importance of 
urban space on sustainability is emerging as one of the dominant paradigms of urban study since 
1990s. The debates about whether particular physical forms, in terms of their density, distribution, 
shape and other spatial attributes, can have an impact on the sustainable urban development has 
been widely discussed due to the concerning of environmental issues. Whereas the 
inter-relationships between social-economic aspect, perceived aspect and sustainability are seldom 
studied. Therefore, this study attempts to incorporate the three different aspects of urban space 
systematically, to discuss their inter-relationships with sustainable urban development in a single 
context, and then to find out some suitable approaches for realizing the sustainability of urban 
space. This task is accomplished by recognizing the spatial differentiation in urban areas from 
physical, social-economic and perceived approaches, respectively. Empirical studies are conducted 
in Japanese and Chinese cities through field works, quantitative analysis and application of GIS 
(Geographical Information System).  
 
This study addresses the sustainability of urban space development through three different angles, 
the physical, social-economical and perceived aspects. Firstly, we analyze how urban spatial 
attributes affect the sustainability of urban space through investigate the relationship between 
urban spatial attributes and travel patterns in Japanese cities from physical aspect; Secondly, we 
analyze how urban spatial attributes affect the sustainability of urban space through investigate 
the relationship between residential segregation by age groups and the spatial pattern of aging in 
Japanese cities from social-economic aspect; Thirdly, we analyze how urban spatial attributes 






transformation of urban fabric and the change of community in Chinese cities from perceived 
aspect; Finally, we introduce some cutting age urban spatial planning strategies and their effects 
against depopulation and aging society that applied in Japanese cities, especially in the case of 
Sendai City. 
 
As some significant findings: (1) as the overall density is an important factor that has impact on 
urban transport modal share, the distribution high density population or jobs around transport 
nodes or along corridors also work as a positive factor to reduce motorized transport; mass transit 
systems can sustain in large cities with high density and demand, whereas, difficult to sustain in 
small cities; (2) residential segregation by cohort in mono-centric Japanese cities is related the 
development period of residential area, which implies aging neighborhood will spread from city 
center to suburb areas; segregated aging neighborhoods will have impact on the continuous supply 
of local services, also the location of new residential area development; (3) social economic change 
triggered the transformation of urban fabric in Chinese cities since 1980s, the change of physical 
environment also triggered a serious of changes community, the disappearing perceived “territory” 
or the sense of home might be a social problem in major Chinese cities under the restructuring 
period; (4) the integration of land and transport is a useful tool in the future urban spatial 
planning, however, the scale, timing, order and policy is very important.   
 
Through this study, we can infer that the sustainable urban space development could access from 
physical, social-economic, and perceived aspects, respectively. As some strategies of sustainable  
urban space planning we advocate that: (1) improve the intra-urban accessibility through 
comprehensive planning of residential (business) and transport system; (2) maintain the stability 
of communities through providing various types of housing; (3) keep succession of communities 
through preserving the traditional style of urban fabric. Instead of partially concerning the 
physical and social-economic aspects, we should pay more attentions with humanistic 
considerations; save the unique “DNA” of cities, to make them grow with diversity and features. 
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1 Urban Spatial Attributes: Their Concepts, Methods and Objects 
 
1.1 Background 
Cities, as the largest man-made object, have some similar physical characteristics like other 
artificial objects, such as area, density, size, shape, etc. More importantly, in contrast to definitions 
of the city as a physical entity, the concept of the city as a quality is related more to the meaning of 
urban spaces and the effect of the urban milieu on people’s lifestyles (and vice versa) (Pacione, 
2009). It is reasonable, therefore to think of a city as having both an objective physical structure 
and a subjective or cognitive structure.  
 
Lynch (1960) described the image of the city in terms of five structural features: paths, edges, 
districts, nodes, and landmarks. Lynch’s contribution gives us a basic idea to understand the space 
in a physical way but the humanistic aspect was neglected. On the other hand, Yi-fu Tuan and 
Anne Buttimer advocated a humanistic thought in 1980s; we need to add the humanistic factors to 
understand the space that people inhabited. In this thesis, we consider human beings, buildings, 
transport system, and natural environment as the basic elements to form a city (Figure 1.1). 
 
We believe that the four basic elements of the city are constantly changing, and interacting with 
each other. Such as the movement of people within the city, development and remove of buildings, 
construction of road and railway lines, etc., are happening every time. These changes are diverse, 
but also occurring beyond cities, sometimes internationally and globally, therefore, the city can be 
considered as a huge, complex, open system. We assume that the changes would follow some 
regularity, and could be impacted through “external forces” to alter the directions of changes, or 
even control this change. For example, when the population increases we will build more housings, 
when the car ownership increases we will build wider streets, on the other hand, we can also 
control the incensement of population by economic and political measures, e.g. set the boundary of 
urban growth areas, we can also build subway systems to ease traffic pressure. These 
correspondences may be effective, it may be blind, and will take adverse effect on the 
sustainability of urban development in a long time span. Therefore, how to encourage sustainable 
development of the city? How to make our measurements become more effectively? How to make 
the “system” more perfect and controllable? Furthermore, how to maintain the diversity of city 
during globalization is a big question in the forthcoming decades. This study mainly focuses on 
these questions in from the prospect of sustainable urban space development.  
 
As noted above, different permutations and combinations of population, buildings and transport 
systems in natural environment constitutes different urban space, and different cityscape. “The 
importance of urban space on sustainable development has been recognized in recent years. Since 






planning. Urban space directly affects habitat, ecosystems, endangered species, and water quality 
through consumption, fragmentation, and or replacement of the natural cover with an impervious 
















Figure 1.1: Basic elements of city. 
 
The studies of city mainly contain two dimensions: the first is recognizing cities as points in space, 
the studies about the location, links and interactions of these individual “points”, i.e. refers to the 
spatial distribution of towns and cities and the linkage between them, which developed to the field 
of urban system studies - the study of systems of cities; the second is recognizing the whole city as 
a surface in space, while the internal elements, such as buildings and facilities are recognized as 
points belonging to the surface, the studies focus on the functions formed by points and their 
interactions, which developed to the field of urban internal structure studies - the study of the city 
as a system (Table 1.1). After 1980s, due to the rapid process of globalization, social polarization, 
culture fragmentation and advances in ICT industry, transformation of world orders, accompanied 
with environmental considerations, the researches on urban and regional structure is emerging as 
















Table 1.1: The expanding scope of urban geography. 

























Urban origins and growth 















The role of cities in the national 











Globalization of culture and society 
The global economy 
The global urban system 
World cities and global cities 
Megacities 
 
Technopoles   





Social area analysis 
Factorial ecology 
Delimitation of the CBD 
 
Residential mobility 
Retailing and consumer behavior 
Urban imagery 
Power and politics 
Territorial justice 
Differential access to services 
 
Urban problems in structural context 
 
Economic restructuring 
Poverty and deprivation 
The inner-city problem 
Housing markets and gentrification 
The urban poverty market 
Traffic and transport problems 
The urban physical environment 
Housing, health and economy in Third World 
cities 
 
The urban impact of globalization 
Social construction of urban space 





Future urban form  
Source: Pacione (2009). Table 2.1. p. 25. 
 
1.2 The Dimensions of Urban Space  
One of the core paradigms in geographical study is about the spatial differentiation. Cities as 
manmade space in the nature are occurring endless evolutions with the transition of human 
society. The studies of urban space have attempted to provide useful models with which to 
generate and test hypotheses and theories concerning urban growth or decline processes, as well 
as patterns of social-economic interactions in cities. There are three of the most important 
approaches to the identification of urban space, with aspects of the built environment, the social 






1.2.1 The Physical Space  
The study of the physical qualities of the urban space is one of the longest-established components 
of urban geography. The physical space or built environment is to a large extent a product of the 
social, economic and technological conditions related to historical aspects of urban growth. The 
morphological studies of urban space started from observation of urban landscape and land use 
patterns, such as the style, layout and function of buildings, squares, streets, etc. In the 
geographical dimension, urban morphology is a particular field of study which focuses on the form 
of human settlements and the process of their formation and transformation. It owes its origins to 
Schluter at the end of 19th century (Whitehand, 2001) and later Lewis Mumford in 1920s, and 
finally formed the three schools of urban morphology in England, Italia and France, following the 
works by Cozen and Muratori in 1960s. Conzen (1960) introduced the concept of fringe belt and 
fixation line in describing the process of townscape development. Smailes (1966) recognized that 
the physical space of cities is the product of successive phase of urban growth, each subject to the 
influence of different social, economic and culture forces; and he suggested that the growth of 
urban physical space is a twin process of outward extension and internal reorganization, and each 
phase adds new fabric - outside in the form of accretions, within in the form of replacements. 
 
1.2.2 The Social Space 
Besides the study of urban physical space, urban social space has become an important research 
field since 1920s. Chicago school represented by Park, Burgess and McKenzie employed an 
ecological approach to understand the urban space from the view of social-economic activities. In 
Nina (2002), “Park and Burgess suggested that the struggle for scarce urban resources, especially 
land, led to competition between groups and ultimately to the division of the urban space into 
distinctive ecological niches or ‘natural areas’ in which people shared similar social characteristics 
because they were subject to the same ecological pressures. Competition for land and resources 
ultimately led to the spatial differentiation of urban space into zones, with more desirable areas 
commanding higher rents. As they became more prosperous, people and businesses moved 
outward from the city center in a process Park and Burgess called invasion and succession. The 
concentric zone model published in The City (Burgess, 1925), predicted that cities would take the 
form of five concentric rings with areas of social and physical deterioration concentrated near the 
city center and more prosperous areas located near the city's edge.” Together with the sector model 
developed by Hoyt(1939), and the multiple nuclei model developed by Harries and Ullman(1945), 
these three classic urban spatial models were the earliest models developed to explain the social 
spatial organization of urban areas. The urban social spatial structures are not limited to the three 
classic models, therefore, the recognition and measure of urban social spatial structure is 
becoming a main field of study. Through the employment of social area analysis method, social 
spatial structure of a city can be well described in terms of the three concepts of: social rank or 






1949; Shevky and Bell, 1955). From 1970s, as the spread of quantitative methods and computer 
technologies in geography, especially the factorial ecology method applied in the social spatial 
analysis. The analysis of Herbert (1972), Herbert and Johnston (1978) approved similar social 
spatial structures in North American cities: spatial segregation by economic status appeared as a 
sector pattern; spatial segregation by family status appeared as a concentric pattern; and spatial 
segregation by ethnic status appeared as a multiple nuclei pattern. However, this result is hardly 
applicable to cities outside of North America.  
 
1.2.3 The Perceived Space 
Traditional approaches have been almost concerned with measuring, mapping and classifying 
objective characteristics of cities. While a new approach is wholeheartedly subjective, with an 
emphasis on studying the world as it seems to be rather than as it is: not as physical reality but as 
perceived experience. The aim is to portray the city as it is seen through the prism of people’s 
personal experience, colored by their hopes and fears and distorted by prejudice and predilection 
(Knox, 1982). The interest in the perceived environment can be traced back to Lewin (1938), which 
offered determining directions and distances in the life space in psychological study. General 
interest in perception studies has been reinforced in 1970s, as the emergence of a school of thought 
- “sense of place” associated with different urban environments (Tuan, 1974, 1978; Relph, 1976). It 
has been arrived a new dimension in identification of urban space: not only does it provide a 
powerful antidote to the impression that cities are populated by land uses and pathologies rather 
than people; it also provides an enlightening background to the behavioral patterns which 
contributes so much to the “objective” geography of the city (Herbert and Johnston, 1976b).   
 
Subjected results - always a partial, simplified, disordered version of reality, such as Images, inner 
representations, mental maps and schemata derived from people’s perception of the environment 
are the main materials of these studies. “People do not have a single image or mental map which 
can be consulted or recalled at will. Rather, we appear to possess a series of latent images which 
are unconsciously operationalized in response to specific behavioral tasks. In this context, 
distinctions can be made between the designative aspect and the appraisive aspect.” (Knox, 1982). 
In the designative aspect of studies, Lynch (1960) summarized that “people apparently structure 
their mental image of the city in terms of five different kinds of elements: paths, edges, districts, 
nodes, and landmarks; the residents of a given city tend to structure their mental map with same 
elements as one another, and the different combination of elements between cities reflect a 
difference in the legibility or imaginability of the cities resulting from differences in the ‘form 
qualities’ of the built environment.” The rationality of Lynch’s work has been questioned for its 
intuitive approach to the identification of image elements and the validity of attempting to 
aggregate the imagery of people with quite different backgrounds and experiences. Orleans (1973) 






Otherwise, in the appraisive aspect of studies, behavior of all kinds obviously depends not only on 
what people perceive as being where but also on how they feel about these different elements 
(Pocock and Hudson, 1978). The appraisive imagery of the city is reflected by the desirability or 
attractiveness of different neighborhoods as residential locations (Clark and Cadwallder, 1973). 
 
1.3 Approaches in Urban Space Analysis 
Each of the major philosophical perspectives considered can claim to illuminate some part of the 
complex dynamics and structure of the city. But no single approach provides a full explanation of 
urban phenomena. The question of whether an accommodation is possible among the different 
approaches has been polarized between those who accept a pluralist stance - “agreeing to differ” on 
the grounds that there is no single way to gain knowledge - and those who insist on the need to 
make a unitary choice of theoretical framework due to the perceived superiority of a particular 
theory of knowledge. Others have sought to combine approaches in different ways. The later route, 
which incorporates a search for a middle ground between the generalization a positivism and the 
exceptionalism of postmodern theory, is the approach favored here (Pacione, 2009). The analytical 
value of employing different theoretical perspectives is illustrated in Table 1.2 with reference to 
the question of urban residential structure. 
 
To fully understand urban phenomena in the contemporary world requires consideration of both 
the general structure processes related to the “mode of production” and an empirically informed 
appreciation of the particular social formations that emerge from the interaction of structural 
forces and local context. The importance of employing a combined multi-layered “realist” 
perspective that encompasses the global and local scales, social structure and human agency, and 
theory and empirical investigation in seeking to interpret the city informs the organization and 
content of this study (ibid).   
 
Table 1.2: Analytical value of different theoretical perspectives in urban geography: the example of 
urban residential structure. 









Although the notion if environment determinism is now 
discredited, the influence of environmental factors on 
residential location can be seen in the problems of building in 
hazardous zones, and in the effects of architectural design on 
social behavior  
 
Uses statistical analysis of objective social, economic and 
demographic data (e.g. Via factorial ecology) to reveal areas in 
the city that display similar residential characteristics 
 
Address the key question of why people and households relocate 
by examining the motives and strategies underlying the 
























Explains how different individuals and social groups interact 
with their perceived environments, as in the differential use of 
public and private spaces within a city or residential 
neighborhood 
 
Illustrates how urban residential structure is affected by the 
ability of professional and bureaucratic gatekeepers to control 
access to resources, such as social housing or mortgage finance 
 
Examines the ways in which political and economic forces and 
actors (e.g., financial institutions, property speculators and 
estate agents) influence the residential structure of a city 
through their activities in urban land and housing markets 
 
Explores the place of different social groups in the residential 
mosaic of the city by focusing on the particular lifestyles and 
residential experiences of various populations, such as ethnic 
minorities, affluent groups, gay, the elderly, disabled, and the 
poor 
 
Emphasizes the interrelationships between culture and 
residential environments across the globe as a consequence of 
globalization, as evidenced in links between Third World rural 
village and minority ethnic communities in western cities 
 
Illuminates the effects of the colonial ere on contemporary 
urban environments in both former colonizing and colonized 
states as, e.g., in the continuing influence of western planning 
regulations on the form of urban development in the Third 
World cities 
 
Critically evaluates the ethnical underpinnings of issues such 
as homelessness or the incidence of slums and squatter 
settlements   
Source: Pacione (2009). Table 2.2. p. 31. 
 
1.4 Definitions of Urban Space and the Relationship with Sustainability 
1.4.1 The Definitions of Urban Space 
We believe that there is some order or coherence in the way cities are laid out. Despite the very 
wide differences between individual cities, and perhaps allowing for a superficial impression of 
chaos, things generally are where we expected them to be.  Moreover, things seem to fit together; 
buildings and land uses of different types are not scattered randomly throughout the urban area. 
People and goods do not move equally in all directions. Further, cities seem to work-some obviously 
work much better than others-but at least they all function as a set of interrelated economic 
activities, as political institutions, and as a collection of more or less distinct social communities. 
 
What is the logic behind this order? Does everything have its place in the city? What and who 
determines where things are located and how one activity or part of the city is linked to other 






within urban areas? These simple questions are the central concerns in any study of the space of 
the city (Bourne, 1982).  
 
To date, however, no unified set of concepts or theories of urban space has emerged. There are 
many different views on how urban space should be defined in literatures, such terms as fabric, 
pattern, form, and structure. The problems are that there is almost no explicit definitions could let 
us to avoid continued confusion and misinterpretation, and many of the otherwise valuable 
conclusions of the research remain to the individual city under study or they evaporate into 
baseless generalizations (ibid). 
 
Therefore, as Bourne (1982) advocated the systems theory to interpret the urban space - because it 
explicitly emphasizes the simple point that “everything is related to everything else”; 
interrelationships are undoubtedly the essence of the city and of urban space - which could give a 
relatively clear and precise definition. Systems theory is also relatively neutral in its stance on 
issues and can be adapted to suit a wide variety of situations, research perspectives, and ideologies. 
In this context, we can most succinctly conceive of the city (or more appropriately, the entire urban 
area) as a spatial system; that is, as a “city system.” This system consists of a complex and 
bounded whole, encompassing a set of activities or constituent elements and the relationships 
among those elements, which together make up the system (Berry, 1964; Cliff et al., 1975). The 
boundaries of the city system are then defined by the extent of these interrelationships, and the 
system itself can be characterized by the attributes of the elements they encompass. Subsets of the 
elements may, through the strength of their interdependence, from distinct subsystems within the 
larger urban entity. These subsystems may be defined primarily in aspatial terms, as in the case of 
hierarchical industrial organizations or administrative agencies, or in spatial terms, as in the case 
of a small residential area or a retail complex. More likely most subsystems in the city represent a 
mixture of both (Bourne, 1982). 
 
The immediate and obvious disadvantages of applying a systems approach to urban spatial 
analysis are threefold. First, it may direct our attention to those interrelationships that are visible, 
that can be easily measured, and that appear to fit most conveniently into the systems framework. 
These may or may not be the most important relationships. Second, the approach may (and often 
does) degenerate into an overly simplistic focus on analogies drawn from mechanical or biological 
systems (e.g., the city as an organism), analogies that are largely inappropriate when applied to 
such a complex social and economic systems as a city. Third, the apparent precision of the 
language may lead us to assume that we know much more than we actually do about how cities 
operate and which relationships are dominant in determining their internal structure. The reader 
will decide whether this writer has fallen victim to these same errors (ibid). With these 






now be defined more precisely: 
 
(2) Urban fabric is the physical aspect of urbanism, emphasizing building types, thoroughfares, 
open space, frontages, and streetscapes but excluding environmental, functional, economic and 
socio-cultural aspects; 
(3) Urban form is the spatial pattern or “arrangement” of individual elements- such as buildings 
and land uses (or collectively, the built environment), as well as social groups, economic activities 
and public institutions - within an urban area (Knox,1982); 
(4) Urban pattern is the way how different functions and elements of the settlement form are 
distributed and mixed together spatially (Lynch, 1981); 
(5) Urban spatial structure formally combines an urban form and an overlay of patterns of 
behavior and interaction within subsystems with a set of “organizational” rules that link these 
subsystems together into a city system (Knox,1982); 
(6) Urban interaction is the underlying set of interrelationships, linkage, and flows that acts to 
“integrate” the pattern and behavior of individual land uses, groups, and activities into 
functioning entities that were described above as subsystems (Knox,1982);.     
 
Figure 1.2 provides a simplified schematic example of these cumulative concepts of urban space. 
Figure 1.1a demonstrate the layout of buildings, open space, and streets in urban area at a block 
level; Figure 1.1b represents a map showing the broad configuration of land uses in a hypothetical 
urban area; Figure 1.1c introduces one possible expression of spatial interaction, perhaps the flows 
of people from home to work or the pattern of household relocation or shopping behavior, which we 
would then overlay on the map of land uses; Figure 1.1d provides an example of the system- wide 
organizing mechanism that acts to integrate patterns of land use and flows into a distinctive 
urban structure. Figure 1.1e represents the external links between cities and environments. For 
cities we are principally concerned with those organizing mechanisms that are internal, but we 
must also recognize the importance of external controls and the interrelationships between 






























Figure 1.2: The components of urban space.    
 
1.4.2 Criteria for Urban Space: the Urban Spatial Attributes  
An organizing principle(s) can be defined as a set of rules and regulations that determine the 
arrangement, interrelationships, and behavior of elements within a system. In most instances we 
can regard such rules as institutionalized practices or social conventions rather than divine edicts. 
Within our cities, these rules most frequently related to the operation of three processes: (1) the 
competitive economic land market; (2) the functioning of government and public institutions, and 
(3) the accepted canons or norms of social behavior.   
 
Equally apparent is the absence of an agreed-upon set of criteria by which urban space can be 
measured and comparisons made. It is argued here than an enumeration of criteria: the urban 
spatial attributes, bring together the concepts outlined before, is useful in providing benchmarks 
for undertaking comparative studies of urban space and as a framework within which diverse 
concepts and interpretations can be accommodated and evaluated. Table 1.3 provides an example 



















Table 1.3: The urban spatial attributes.  





































2. Functional  
   Character 
3. External  
   Environment 
4. Relative 
location 
5.  Scale 
6.  Shape 
7.  Site and  
   topographic base 
8.  Transport 
network  
9.  Density 
 
10.  Homogeneity 
 
11.  Concentricity 
 
12.  Sectorality 
 
13.  Connectivity 
 
 
14.  Directionality 
 










Time and stage of development 
Predominant mode and type of production 
(e.g., service center, mining town) 
The social-economic and culture environment in 
which the city is embedded 
Position within the larger urban system (e.g., 
core-periphery contrasts) 
Size: in area, population, economic base, income, etc. 
The geographic shape of area 
The physical landscape on which the city is built 
 
The type and configuration of transportation system 
 
Average density of development; shape of density 
gradients (e.g., population) 
The degree of mixing (or segregation) of uses, 
activities, and social groups 
The degree to which uses, activities, etc. are 
organized zonally about the city center 
The degree to which uses, activities, etc. are 
organized sectorally about the city center 
The degree to which nodes or subareas of the city are 
linked by networks of transportation, social 
interaction, etc. 
The degree of elliptical orientation in interaction 
patterns (e.g., residential migration)  
The degree of correspondence between function and 
form 
The degree to which different urban forms (e.g., 
buildings, areas, public bodies) developed for one 
function can be used (substituted) for another 
The underlying mechanism of spatial sorting and 
integration 
The extent of feedback; the sensitivity of form to 
change 







20. Goal orientation 
zoning, building controls, financial constrains) 
The degree to which urban structure evolves toward 
a priori objectives       
Source: Bourne (1982). Table 3. p. 41. 
 
1.4.3 Relationship between Urban Space and Sustainability  
The ways in which urban space organized in physical and social are having an enormous impact on 
the sustainability.  
 
Space is more than a medium in which social, economic, and political processes operate. The 
attributes of space - size, density, distance, direction, territory and location - exert powerful 
influences on environment and on human interaction. In Pacione (2009), “Distance and direction 
have a direct effect on social networks, journeys to work and physical access to place-bound 
facilities. The size and density of residential developments have been shown to influence the 
incidence of deviant behavior and social pathologies. The concept of territoriality contributes to the 
formation of discrete sub-areas within cities, often segregated on ethnic or class lines. The 
partitioning of space by local government boundaries has implications for the social composition 
and fiscal health of different areas and the quality of life of residents. Competition between local 
administrations to attract desirable developments, such as shopping centers, and exclude 
undesirable facilities, such as mental hospitals, as has a fundamental spatial basis. There is a 
reciprocal relationship between society and space.” As Massy (1984) observed, “Just as there are 
no purely spatial processes, neither are there any non-spatial social processes”. 
 
In these study, as we summarized above from previous literatures, space itself can take on 
different meanings and can be measured in very different ways. The “space” of concern in this 
study may be physical space, measured strictly in territorial or Euclidean terms; it may be 
social-economic space, include space measured on the basis of social, economic, or political 
attributes or the actual behavior of different social groups, firms, or institutions; or it may be 
subjective of perceived space, refer to individual experience, perceptions or mental maps (Tuan, 
1977). In all of these instances, physical, social-economic or perceived space may be further broken 
down into specific units or building blocks, such as edges, boundaries, districts, paths, and 
landmarks (Lynch, 1960) or into traditional systems elements, such as nodes, networks, flows, 
gradients, and surfaces (Cliff et al., 1975). These elements in turn may correspond to physical 
artifacts in the urban landscape, such as political boundaries, transport networks, or high-rise 
buildings, or to the “bits” of information we all accumulated in learning how to use an urban 
environment (Moore and Golledge, 1976). In each case we can differentiate between elements that 
comprise the aggregate or macro-structure of a city and those that represent a more local 






Returning to the systems theory in section 1.4.1, the factors or events that induce changes in the 
behavior and evolution of social systems, in general, and in urban space, in particular, can also be 
seen as displaying differing frequencies or periodicities over time. Each also has a differential 
impact on the system. Typically, three distinct sets of events and frequencies have been identified, 
although they clearly represent a continuum in reality. First are those regular or routine events 
that occur frequently, but not result in substantial changes. Instead they act to maintain the 
system in its current state. Second are those events that are system-modifying in that they 
produce gradual or evolutionary changes in the path of development of the system under study. 
Third are those infrequent, but often dramatic events that result in revolutionary changes, 
shifting the system onto a new path and consequently transforming the system itself. Table 1.4 
summarizes these periodicities with examples of activities and events drawn from the changing 
structure of urban areas.  
 





Impact Examples in urban structure 
Regular or       




















Journey-to-work, to shop; 
provision of services, 
infrastructure 
Demographic change; new 
transit line; community 
movements; land use succession 
Technological change  
(e.g., steel-frame construction; 
diffusion of the automobile); 
social unrest; floods, nature 
hazards, energy price 
Source: Bourne (1982). Table 2. p. 34. 
 
Physical Space and Sustainability: The Environment Quality 
The analysis of spatial attributes in environment quality is a topic which extends beyond the 
immediate characteristics of urban morphology to include aspects of amenity provision and factors 
such as noise and air pollution which are not necessarily a function of the local built environment. 
The focus, however, is on the condition of streets and buildings, an aspect of the built environment 
which has been of increasing interest to town planners and community groups as well as to 
geographers. Indeed much of the methodology appropriate to such studies has been developed by 
planning agencies in Europe and North America in preparing strategic plans and delimiting 






environments is evaluated by field survey and evolves the allocations of points to buildings or 
group of buildings according to the presence or absence of environmental defects of various sorts, 
and these points are subsequently summed to give an overall index score for location (Duncan, 
1971). From this point, this study is to build a link between the built environment and travel 
behaviors, the transport mode is interrelated with physical environment, which we will analysis in 
detail in chapter 2.   
 
Social-economic Space and Sustainability: the Quality of Urban Life and Patterns of Deprivation 
It should be acknowledged at the outset that interest in patterns of social well-being and the 
quality of life (the two terms are used here synonymously) and the distribution of social malaise in 
cities is by no means new. Nevertheless, it is fair to say that it is only within the last decade or so 
that patterns of deprivation and variation in the quality of life have been a central concern within 
geography (Knox, 1982).     
 
The quality of urban life 
Quality of life studies are of the interest here because they offer the possibility of portraying the 
essential social-geographical expression of urban communities on a conceptual scale which ranges 
along a continuum from “good” to “bad”, thus providing a potent index with which to regionalize 
the city. Maslow’s (1970) suggestion that “human motivation is related to a hierarchy of human 
needs, so that as people’s basic needs - for nutrition, shelter and personal safety - are satisfied, 
motivation turns towards higher goals such as the attainment of social status, prestige, and 
self-expression”. Accepting this model of behavior, is follows that people with low levels of material 
well-being will attach more importance to materialistic than to aesthetic, spiritual or cultural 
aspects of life. People’s values also very according to their stage in the family life cycle, and to their 
membership of particular religious or culture groups. Moreover, the social geography of the city is 
itself likely to generate or reinforce differences in values from one neighborhood to another, for the 
social-demographic composition of different neighborhoods creates distinctive local reference 
groups which contribute significantly to people’s attitudes to life (Eyles, 1973).   
 
Patterns of deprivation 
Interest in welfare issues quickly spread from the pursuit of overall yardsticks of well-being to the 
construction of territorial indicators designed explicitly to identify “problem areas” and areas of 
“social stress” or “social malaise”, where urban deprivation was at its worst (Smith, 1979b). Much 
of the impetus for this work came from professional planners and administrators wanting 
quantitative measures of the intensity of deprivation in order to be able to formulate spatial 
policies with which to rectify or ameliorate the problem. Many of the resultant policies have taken 
the form of positive discrimination, directing resources into areas which have been identified as 






attention to the spatial configuration and inter-relationships of different aspects of deprivation. 
Aase (1978) has suggested that random, compensatory and accumulative are the three different 
kinds of patterns.  
 
Perceived Space and Sustainability: Image of the Home Area 
In the general context of urban geography, the most important aspect of this sense of place is 
probably the attachment people feel to their home area. There is no doubt that the immediate 
physical and social environment is crucially important in the early psychological and social 
development of the individual, and it seems that this generates a strong bond - often amounting 
almost to reverence - for the territorial homeland: a phenomenon which Tuan (1976) calls 
“ geopiety “. Such feelings are clearly related to the idea of territoriality, and there is plenty of 
evidence to suggest that they exist as a kind of latent lived in a particular area for any length of 
time. The most striking evidence of such feelings emerges after people have been forced to leave 
their home neighborhood in the cause of redevelopment of renewal schemes, when many report 
feelings of grief at the loss of their old neighborhood (Fried, 1963). This is because, as Pocock and 
Hudson (1978) observe: “It is not only the built environment that razed but also the contextual 
environment, the symbol of life’s experience: part of people’s roots, part of themselves is lost.” 
 
A comprehensive consideration of the relationships between urban space and sustainability would 
encompass aspects of all three approaches in a more holistic approach. Moreover, the combination 
of the morphological, social-economic and perceived space is recommended, this study attempt to 
logically incorporate physical, social-economic and perceived spatial dimensions of the city within 








Figure 1.3: The framework of urban space and its relationships with sustainability. 
 
1.5 Thesis Organization  
This thesis is mainly based on the following papers: 
 
(1) Lei Feng, Spatial Structure of Aging in Four Regional Central Cities in Japan – Sapporo, 
Sendai, Hiroshima and Fukuoka –. Science Reports of Tohoku University 7h Series (Geography), 
2015, pp.43-62. (Forthcoming) 
(2) Lei Feng, Urban Residential Area Transitions in China: Patterns, Trends and Determinations. 
Urban Design and Planning. 2015, Vol.167, Issue 6, pp.239-50. 
(3) Lei Feng, Yuzuru Isoda, The Possibility of Building Compact City through Transit Investment 
-Lessons from Japanese City, Proceeding of International Conference on Urban Planning 







Figure 1.4: Organization of the thesis.  
 
Figure 1.4 shows the organization of this thesis. The relationships between urban space and 
sustainability are discussed from three aspects: the physical space, the social-economic space and 
the perceived space, in Chapter 2, 3, 4 respectively. Further, through the empirical analysis in 
Japanese and Chinese cities, we found three basic unsustainable factors; these are unsustainable 
urban transport, housing development and the loss of home feelings in the process of urban 
development. The municipal governments realized these problems; they are attempting to 
overcome these challenges through spatial planning, Chapter 5 presents some cases in Japanese 
regional cities. 
 
This study does not undertake to set out a new theory or paradigm for urban research. Instead, the 
objective is considerably more modest: to identify a consistent body of concepts of what urban 
spatial attribute is, how it might be measured, and why it is significant effect to sustainability. In 
so doing it draws on a wide range of disciplines and methodologies and attempts to set a basis from 
which new theories might emerge. This study provides a series of working definitions, an outline of 
the components of urban structure and growth, a set of hypothesis on the principles by which cities 






structure of different might be examined, compared, and interpreted. The followings paragraphs 
are a summary of the chapters:    
 
Chapter 1 Urban Spatial Attributes: Their Concepts, Methods and Objects 
This chapter is an overview of space theories in urban geography studies. This chapter adapted 
some definitions, concepts, and ideas from previous literatures. We also attempt to reorganize and 
develop some concepts systematically in this category of study. Meanwhile, we try to introduce and 
give exact meanings of “urban spatial attributes”, which is the keyword of this thesis. More 
importantly, it is necessary to extension the meaning and  bridge the gaps between traditional 
cognitions of urban space and sustainable urban development, which is only partially considered 
or make some confusable conclusions.   .     
 
Chapter 2 Built Environment, Travel Behavior and Sustainability of Urban Space 
This chapter analysis the impact of built environment on urban transport, particularly on the 
modal choice. The analysis is based on the National Urban Traffic Survey in 70 Japanese cities, 
including the cities in three largest metropolitan areas and local metropolitan areas. We applied 
the multi-regression method to find out the important factors which could determine the use of 
automobile or public transport. Through this study, we want to build a link between the urban 
spatial attributes and the sustainability of environment. 
 
Chapter 3 Residential Segregation by Age Groups and Its Interrelationships with Housing 
Development in Mono-centric Japanese Cities 
This chapter builds a model to describe the connection between urban spatial attributes and 
sustainability of urban development through an intensive investigation in Japan's four regional 
central cities: Sapporo, Sendai, Hiroshima, and Fukuoka. The result shows that the pattern and 
trend of aging in urban areas have strongly impact on the residential development and vice versa. 
This result infers that social space and physical space are spatial-temporal interrelated with each 
other.  
 
Chapter 4 The Transformation of “neighborhood” and “community” During Rapid Development 
Period in Chinese Cities: the Loss of Perceived “territory” 
This chapter outlined the transformation of urban fabric in Chinese cities from 1949 to currently. 
We found that change of the perceived space is accompanied with the transformation of physical 
space. The sense of familiarity and belonging with former “neighborhood” and “community” is 
gradually lost during the change of physical environment. 
 
Chapter 5 The Shift of Planning Strategies in Aging and Depopulation Cities in Japan: Spatial 






According to the previous chapters, some unsustainable factors in the urban space are absorbed in 
the three aspects: the un-sustainability of physical, social, and perceived space. This chapter aims 
to report a series of spatial development strategies in Japanese cities, which are confronting with 
aging and population decline, environmental and fiscal constrains in 21th century. A deep analysis 
is conducted in Sendai Metropolitan Area, where committed to realize the “Function-intensive 
urban structure and regional revitalization” vision (機能集約型市街地形成と地域再生 ). Our 
analysis is not only focusing on the basic concept, analytical method, planning procedures, but also 
shed light on institutional setup for the implementation, and the policy measures. 
 
Chapter 6 Conclusion and Prospect 
This chapter presents the conclusions of the thesis and gives explanation of sustainable space 
































2 Built Environment, Travel Behavior and Sustainability of Urban Space 
 
In this chapter, we assume that the built environment, travel pattern and sustainability are 
co-related, i.e. built environment are having an impact on the ways in which we travel, on the 
other hand, the ways in which we travel are having a significant impact on the sustainability of 
the physical and social environment, e.g., the low density development caused over car dependency 
which further induce the sprawl of suburban areas the decline of city center, as well as noise, air 
pollution and traffic accident, inequality between pedestrians and drivers etc. There is general 
agreement that car dependent city is less sustainable than transit dependent city when we use the 
environment impact as a measurement. The issue which this chapter addresses is the relationship 
between modal shares and the physical attributes of cities. It considers how urban size, location 
density, and distribution affect travel patterns in Japanese cities.  
 
2.1 Introduction 
The debate about whether particular urban forms, in terms of their shape, density, configuration 
and other spatial attributes, can have an impact on the sustainability of cities has a relatively long 
and rich history (e.g., Breheny, 1992; Williams et al. 2000; de Roo and Miller, 2000). Moreover, the 
issue that the impacts of city form on transport and mobility has attracted the most attention both 
academically and in practice. In particular, this field of inquiry has concentrated on the optimal 
urban forms to facilitate sustainable transport solutions, generally seen as reducing trip lengths 
and travel times, improving car independency, enabling efficient public transport, encouraging 
walking and cycling and mitigating transport-related fuel consumption, emissions and accidents 
(e.g. Stead and Marshall, 2001; Ewing and Cervero, 2001; Ewing and Cervero, 2010; Nechet, 
2012).  
 
The common view of previous studies is an advocacy of “contained”, compact, urban layouts, and 
job-housing balance with a mix of uses in close proximity: i.e. a move away from isolated functional 
land use zoning and a reduction of urban sprawl. The reasoning is that theoretically, such forms 
can reduce travel demand because people work near their homes and have good access to local 
services and facilities. Such forms can also maintain the high population densities to support 
public transport services and to encourage cycling and walking. Concentrations of high density 
developments around public transport nodes, or along transit corridors are also advocated in 
urban design. In Europe such models have become common in planning strategies (compact city). 
They are now also becoming more widely accepted elsewhere, particularly in Asia, the USA and 
Australia (such as smart growth, Transit-oriented development (TOD)) (Williams, 2005). 
 
However, as with all issues in the sustainability of urban space debate, the reality is not as 






key areas of debate. 
 
“First, there is considerable uncertainty about the extent to which spatial planning or 
the manipulation of urban form can contribute to sustainable mobility at all in the 
face of broader socio-economic and cultural trends.  
 
Second, there are still uncertainties about whether the compact form, as opposed to 
other urban layouts, is the most effective city form in terms of sustainable transport 
(Breheny, 1995; Rickaby 1987; Feitelson and Verhoef, 2001). Some have questioned 
whether the “compact city” does actually lead to the desired effects of reduced car-use 
and increased walking, cycling and public transport patronage. There are also 
uncertainties about whether it can contribute to wider sustainable travel patterns, for 
example regional and intra-regional travel (Headicar, 2000; Newman and Kenworthy, 
2000). Further, some researchers have claimed that the compaction model relies on an 
over-simplification of complex travel behavior, especially in terms of live-work 
co-location (Breheny, 2004). In the light of these criticisms, other city forms such as 
“corridor developments” and multi-centered cities are also suggested as having 
significant transport benefits.  
 
Third, even if it is possible to find a consensus on which urban form is the most 
beneficial in terms of sustainable transport, there are still questions about our ability 
to implement substantial changes in the physical fabric of cities through the planning 
system.” (Williams, 2005. p.2-3). 
 
This chapter considers the difference of population density, accessibility, housing types, in 
combination with other urban spatial attributes induce different transport patterns, which have 
an impact on the sustainability of urban space. This study explores relationships between 
different physical attributes and various transport mode: car, rail, cycle and walk in 70 Japanese 
cities including metropolises with population over 10 million and local cities with population under 
100 thousands.  
 
We hope that this study can broaden the knowledge about how to use spatial planning as a tool 
towards implementing sustainable urban development policies; and gives hints of good practice in 
policy development and implementation from successful cities. 
 







2.2 Data and Materials 
There are several data sources in Japan for transport survey. The most popular one is the Person 
Trip Survey (or PT Survey) conducted in metropolitan areas in almost every 10 years (due to the 
survey areas). However, the PT survey only conducted in metropolitan areas which exceed a 
certain amount of population, this constrains us to do comparative studies across different size of 
cities. The other data source is the census data, which logged the number of commuters by 
different transport mode over 15 years old in Census Small Area, but this data could only available 
in the 2010 census. Other data sources such as OD survey in urban area are only contained the 
auto transport, is not quite useful in this study. The data we adopted in this study is the National 
Urban Traffic Survey (Zenkoku toshi kotsu tokusei chousa), which conducted at the same time at 
city scale in 1987, 1992, 1999, 2005 and 2010. In this study we use mainly the 2010 survey. The 
National Urban Traffic Survey 2010 is a series of traffic characteristics data divided by the 
following columns: the trips (outing rate, times and length), transport modal share in weekdays 
and weekends (rail, bus, car, bike, bicycle, walk and others), travel purpose (work, school, business, 
home and private) by cities. It covered small local cities, and the three largest metropolises (Tokyo, 
Osaka, Nagoya), therefore, according this result we could analysis the relation between urban 
scale and urban traffic characteristics. We could also understand the awareness and intention of 
citizens through time series analysis on urban transportation planning issues.   
 
The 2010 Survey is conducted in 70 cities, all of the questionnaires are responded by the household 
members over 5 years old who actually living in the city. Every city has 500 households as the 
survey samples, in order to avoid the deviation of the results, personal attributes based weight 
average processing is carried out. Figure 2.1 shows the location of the surveyed cities, they contain 
cities in the three largest metropolitan areas (central cities and surrounding cities), the regional 
central cities (central cities and surrounding cities), local core cities with over 400 thousands 
population (central cities and surrounding cities), local core cities with less than 400 thousands 
population (central cities and surrounding cities) and other local center cities.   
 
Table 2.1: Surveyed cities by population size. 
Types of cities City name 




central cities Saitama, Chiba, Tokyo 23 wards, Yokohama, 
Kawasaki, Nagoya, Kyoto, Osaka, Kobe 
b surrounding 
cities*1 




Ome, Odawara, Gifu, Toyohashi, Kasugai, 
Tsushima, Tokai, Yokkaichi, Kameyama, 
Omihachiman, Uji, Izumisano, Akashi 
d regional 
central cities 
central cities Sapporo, Sendai, Hiroshima, Kitakyushu, 
Fukuoka 
e surrounding cities Otaru, Chitose, Shiogama, Kure, Otake, Dazaifu 
f local core cities 
with over 400 









surrounding cities Oyabe, Komatsu, Iwata, Soja, Isahaya, Usuki 
h local core cities 
with less than 
400 thousands 
population 
central cities Hirosaki, Morioka, Koriyama, Matsue, 
Tokushima, Kochi 
i surrounding cities Takasaki, Yamanashi, Kainan, Yasugi, Nankoku, 
Urasoe 
j local center 
cities and other 
cities 
- Yuzawa, Ina, Joetsu, Nagato, Imabari, Hitoyoshi 
Note: surrounding cities in the three largest metropolitan areas are divided into Type b and Type c 
are defined as follows: 
 
The three largest 
metropolitan areas 
Distance from urban center 
Tokyo Keihanshin Chukyo 
*1Type b <=40 km <=30km - 
*2Type c >40km >30km all city 









Figure 2.1: The location of cities in National Urban Traffic Survey of 2010. 
Data source: NUTS (2010) 
2.3 Method and Results 
This study attempts to certify the physical form of the city can impact travel behaviors, 
furthermore, to find out their relationships quantitatively. Some results are clear through directly 
analysis the data from the survey. However, in order to understand the relationships between 
transport modal share and the physical spatial attributes of different cities, we applied the 
multi-regression method in this study. The following finding are directly concluded from the 
survey.  
 
2.3.1 Travel Behavior and the Size of Cities 
Transport modal choice  
 Even in weekdays or weekends, cities located at the larger metropolitan area have more rail 
use; constructively, cities located at the smaller metropolitan area have higher share of car 
use.  
 Moreover, compare with the central cities in all metropolitan areas, the share of car use is 
higher in surrounding cities both in weekdays and weekends; on the other hand, the share of 
motorcycle use and walking is higher in the central city.  
 On weekends, the share of car use is over 60% except the central cities and surrounding cities 











Figure 2.2: Transport modal share by city size (%). 
Data source: NUTS (2010) 
 
Travel Purpose 
 City size is not relevant to travel purpose. All cities have similar components of travel 
purpose. 
 Moreover, when we considering a single metropolitan area, there is no difference of the 







Figure 2.3: The components of travel purpose by city size (%). 
Data source: NUTS (2010) 
 
Transport Modal Choice by Travel Purpose 
 When we considering the travel purpose of commuting, we could find that the size of the 
metropolis is strongly relevant to the modal choice; cities located at larger metropolitan areas 
induce more non-motorized transport than cities located at smaller metropolitan areas. 
Otherwise, when we considering the travel purpose of business, the car use is over 60% in all 
cities, except the central cities in the three largest metropolitan areas. 
 Furthermore, surrounding cities are more likely using car for commuting, despite the size of 
the metropolitan area. 
 The highest share of car use for business purpose is found in the local core cities and local 








Figure 2.4: Transport mode share by travel purpose on weekdays (%). 
Data source: NUTS (2010) 
 
 When we considering the travel purpose of private use, we could find that the size of the 
metropolis and the location of the city is strongly relevant to the mode choice; cities located at 
larger metropolitan areas induce more non-motorized transport than cities located at smaller 
metropolitan areas.  
 Moreover, the share of cycling and walking is higher in the central cities than in the 
surrounding cities. 
 The share of car use for private purpose is over 65% on weekends, except the central cities and 








Figure 2.5: Transport mode share of private purpose on weekdays and weekends (%). 
Data source: NUTS (2010) 
 
Cost of Travel 
(5) The national average travel time for one trip is 27.0 min and 28.5 min on weekdays and 
weekends respectively. 
(6) When the metropolis gets larger, the average travel time for one trip gets longer. 
(7) Time cost per trip is longer on weekends than weekdays; this phenomenon is more obvious in 









Figure 2.6: The cost of travel time by city size (min/trip). 
Data source: NUTS (2010) 
 
 When we consider the average time cost per trip in the case of car use, the national average is 
26.3 min and 29.9 min on weekdays and weekends respectively. 
 Furthermore, in the case of car use, central cities will cost more time per trip than 
surrounding cities. The most time cost area is in the three largest metropolitan areas, the 
least time cost area is in the local center cities. This result indicated that larger metropolitan 
areas will have more barrier for car use, e.g. congestion long travel distance, inadequate of 







Figure 2.7: The cost of travel time by city size in the case of car use (min/trip). 
Data source: NUTS (2010) 
 
 The national average time cost for travel per person for one day is 65.1 min and 58.5 min on 
weekdays and weekends respectively. 
 Furthermore, the time cost will growth as the size of metropolitan area growth. The most time 
cost area is in the three largest metropolitan areas, the least time cost area is in the local 







Figure 2.8: Average travel time by city size (min/person/day). 
Data source: NUTS (2010) 
 
2.3.2 Travel Behavior and the Location of Cities 
The Share of Car Use  
 On weekdays (Figure 2.9), the share of car use is under 40% in the central cities located at 
Tokyo and Keihanshin (Kyoto-Osaka-Kobe) metropolitan areas. 
 In the cities located at Chukyo (Nagoya) metropolitan area, the share of car use is over 50%. 










Figure 2.9: The share of travel by car on weekdays by the location of the city. 
Data source: NUTS (2010) 
 
 In the case of weekends (Figure 2.10), the share of car use is under 30% in Tokyo 23 wards and 
Osaka city, while, it will over 70% in most cities located at local metropolitan areas. The share 













Figure 2.10: The share of travel by car on weekends by the location of the city. 
Data source: NUTS (2010) 
 
The Share of Rail Use 
 On weekdays (Figure 2.11), the share of rail use is over 20% in most cities located at Tokyo 
and Keihanshin (Kyoto-Osaka-Kobe) metropolitan areas. On the other hand, the share of rail 
use is under 5% in cities located at the local metropolitan areas. 
 On the weekdays, the share of rail use is very different between cities located at the three 
largest metropolitan areas and local metropolitan areas; the share of rail use is ranked as 
Tokyo metropolitan area, Keihanshin metropolitan area and Chokyo metropolitan area.  






 The share of rail use is over 10% in cities located at the regional central metropolitan areas, 
such as Sapporo, Sendai, and Fukuoka, the rest cities located at the local metropolitan area is 
under 5%.   
 
 
Figure 2.11: The share of travel by rail on weekdays by the location of the city. 
Data source: NUTS (2010) 
 
(6) On the weekends (Figure 2.12), the share of rail use get lower compared with weekdays almost 
in all cities. 
(7) Except cities located at the three largest metropolitan areas and regional central metropolitan 
areas, such as Sapporo, Sendai, Hiroshima and Fukuoka, the share of rail use is under 5% in 
the rest of the cities located at local metropolitan areas. 








Figure 2.12: The share of travel by rail on weekends by the location of the city. 
Data source: NUTS (2010) 
 
2.3.3 Travel Behavior and Urban Spatial Attributes 
Urban Population Density  
The share of car use is higher in cities with low population density, except Kyoto and Kobe City in 
Keihanshin Metropolitan area and this share is growing year by year. In cities located at the three 
largest metropolitan areas and some cities located at the regional central metropolitan areas, the 
share of car use is declining as population density growing.  
 







Figure 2.13: Population density and the share of car use on weekdays. 
Data source: NUTS (2010) 
 
Accessibility of Public Transport 
The share of public transport use will higher in the residential areas with good accessibility 
(measured by the distance from station and the frequency of service: cars per hour) to public 
transport. On the contrast, the share of rail use, bicycle and walking will lower in the residential 








Figure 2.14: Access to public transport and mode share (%).  
Note: the nearest station is calculated by the shortest distance from the centroid of the municipal 
area and the stations. 
Data source: NUTS (2010) 
 
Accessibility of Urban Facilities 
 Both on weekdays and weekends, the larger the area of retail facility within 3km from 
residential area, the lower the share of car use with shopping purpose, no matter with the size 
and location of the city, on the contrast, the share of rail use, motorcycle and walking will get 
higher. This result is the same when only consider the elderly population (over 65), except the 







Figure 2.15: Access to large-scale stores and mode share. 
Note: only calculate the large-scale stores with over 1,000 m2. 
Data source: NUTS (2010) 
 
 When we considering the travel purpose of going to hospital, we found that, both in the three 
largest metropolitan areas and in local metropolitan areas, the more the number of medical 
institutions within 3 km away from residential areas, the less the car use share, on the 
contrast, the more the share of rail, bus, cycling and walking. Elderly people (over 65) with or 
without a driver's license is strongly determine their travel behaviors. Moreover, elderly 
population without a driver's license almost have the same share of rail and bus use, even in 
the three largest metropolitan areas or in local metropolitan areas (Figure 2.16).    
 







Figure 2.16: Access to medical institutions and mode share. 
Data source: NUTS (2010) 
 
2.3.4 Multi-regression Analysis  
A comprehensive analysis of the relationships between spatial attributes and travel behavior is 
applied by applying multi-regression method. The considerable spatial attribute are listed in Table 
2.2. We calculated these variables with Arc GIS, the data sets ( including population, employment, 
land use, transport stations and networks, etc.) adapted are from Population Census 2010, 












Table 2.2: Description of variables considered in the multi-regress model. 
Dependent variables Conceivable Independent variables 
Y1: the share of car use (weekdays) 
Y2: the share of rail use (weekdays) 
Y3: the share of non-car use/ the share of car 
use 
X1: population density 
X2: resident density 
X3: employment density 
X4: population rate in station area (800m 
buffer from rail station) 
X5: employment rate in station area (800m 
buffer from rail station) 
X6: population rate living in apartment 
houses 
X7: population rate living in detached 
houses 
X8: urbanized area 
X9: population rate living in DID 
X10: daytime population rate 
X11: standard deviation of population 
density 
X12: standard deviation of employment 
density 
X13: trip distance 
X14: municipal area 
X15: density of station  
 
Except the above attributes, such as city size, population density, accessibility of rail station and 
urban facilities we analyzed, we attempt to find out more spatial attributes which can affect the 
travel behavior significantly. Therefore, we summarized three models: Model 1 and 2 exhibited the 
selected spatial attributes which will impact the share of car or rail use on weekdays. Model 3 
presented the attributes which will have positive impacts on travels without car dependence. 
Model 1 reveals that employment density, employment rate in station area ( the ratio of employees 
within 800 m away from rail station to the total employees in the whole city), population rate 
living in DID, trip distance and standard deviation of population density will be positive factors to 
reduce car use (Table 2.3). Model 2 reveals that employment density, employment rate in station 
area and trip distance will be positive factors to increase rail use (Table 2.4). Model 3 reveals that 
employment density, population rate living in DID and standard deviation of employment density 
and trip distance will be positive factors to reduce the car dependence (Table 2.5).  
 






densities, especially in the station area, but not only population densities as we known for a long 
time. Furthermore, the overall density do impact car use in some extent, the more important thing 
is that whether the distribution of population or jobs concentrate in the high density areas will 
have a significant impact on modal share of urban transport. Instead of evenly distributed in the 
urban area, high density residents and jobs have to located near stations or along transit corridors. 
Trip distance is a common factor in the three models, as the trip distance growth, the potential of 
public transport use will increase. This result indicates that people living in the larger 
metropolitan areas with longer travel distances are likely to use public transport rather than use a 
car.  
 
Table 2.3: Summary of model 1. 
Dependent variable 






t Sig. B Std. Error Beta 
X= (Constant) 1.009 .047  21.545 .000*** 
X3:employment 
density 
-6.451E-5 .000 -.470 -3.847 .000*** 
X5: employment rate 
in station area 
-.181 .050 -.208 -3.581 .001*** 
X6: population rate 
living in apartment 
houses 
.072 .099 .067 .727 .470 
X9: population rate 
living in DID 








1.517E-5 .000 .099 1.422 .160 
X13: trip distance -.003 .001 -.103 -2.406 .019** 
R2=0.910, F=90.026 
















Table 2.4: Summary of model 2. 
Dependent variable 






t Sig. B Std. Error Beta 
X= (Constant) -.305 .039  -7.759 .000*** 
X3:employment 
density 
5.449E-5 .000 .621 3.874 .000*** 
X5: employment rate 
in station area 
.079 .042 .144 1.879 .065* 
X6: population rate 
living in apartment 
houses 
-.081 .083 -.119 -.975 .333 
X9: population rate 
living in DID 








-9.600E-6 .000 -.098 -1.073 .287 
X13: trip distance .008 .001 .387 6.906 .000*** 
R2=0.846, F=48.489 
Note: *** 1% significant, ** 5% significant, * 10% significant. 
 
Table 2.5: Summary of model 3. 
Dependent variable 
Y=Y2: the share of non car 






t Sig. B Std. Error Beta 
X= (Constant) -1.081 .353  -3.060 .003*** 
X3:employment 
density 
.000 .000 .553 3.737 .000*** 
X5: employment rate 
in station area 
.170 .380 .031 .446 .657 
X6: population rate 
living in apartment 
houses 
-.732 .744 -.110 -.983 .329 
X9: population rate 
living in DID 








.000 .000 .314 3.726 .000*** 
X13: trip distance .027 .011 .130 2.508 .015** 
R2=0.884, F=58.198 







2.4 Chapter Summary 
In this chapter, we mainly analyzed the impact of spatial attributes on travel patterns in urban 
areas. Some significant findings are as follows: (1) Overall high density can reduce car use in some 
extent, more importantly, the arrangement of population and jobs in dense developed and station 
areas can reduce car use significantly. A city with relatively low overall density may have more 
transit use if the urban function are arranged suitable (e.g. Kobe is a corridor city along railway 
lines, and Kyoto is a city with extremely high rate of population who live near his work place); (2) 
larger cities with high development density and higher transit use than small cities. However, the 
compactness is not a single indicator for sustainability of urban space, e.g. we cannot say Tokyo is 
more compact than local cities. Other spatial attributes such as multi-nuclei characteristic and 
road networks are also relevant.   
 
Although this result is obvious in some extent, this could give us the basic theory to instruct the 
spatial planning, and to control the intense car use as well as to promote the public transport use 
and walking. Building “nodes” or “corridors” through dense development in station areas is seen as 
a solution to decrease the car dependence in large metropolitan areas. Also investment in public 
transport to get higher accessibility of rail stations will also works in some extent. However, the 
alternative strategies which could lead us towards a more sustainable transportation is not very 
easy to succeed without a sophisticated scheme, this will be analyze deeply in chapter 5. By the 
way, Other factors such as the gasoline price, household type and institutional factors will also 
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Percentage of total jobs in station areas 










Data source: NUTS (2010) 
Note: (1) Population density= total population/ municipal area 
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3 Residential Segregation by Age Groups and Its Interrelationships with Housing 
Development in Mono-centric Japanese Cities 
 
Aging in urban areas will be a main subject in most developed and many developing countries in 
the 21st century if urbanization is the global theme of the urban space development in the 20th 
century. Aging is becoming a serious problem which impacts the sustainability of urban 
development physically and social-economically. Although the phenomenon of aging has been 
studied thoroughly in demography, economics, and health science, the spatial structure of aging in 
urban areas remains little understood. The recognition of the pattern is important since the 
spatial pattern of aging will greatly impact the housing (re-)development and facility location 
which could directly link with the equality of social resources. This report describes an intensive 
investigation conducted of Japan's four regional central cities: Sapporo, Sendai, Hiroshima, and 
Fukuoka, and aimed to clarify the pattern and trend of aging in urban areas through grasping the 
characteristics of residential segregation by age group. Results showed that the spatial pattern of 
segregation roughly appears as a concentric shape that is closely related to the development period 
of urban area in the time dimension, as well as related closely to the distances from the city center 
in the spatial dimension. Furthermore, because we confirmed the neighborhood change will obey 
the rule of “aging in place,” it can be inferred that aging neighborhoods will spread out from the 
city center to the suburbs, and that renewal of neighborhoods obeys the same order. Through 
recognition of the spatial structure of aging in urban areas, we hope this study will provide a 




Japan has entered the era of a super-aging society in 2005. In 2014, the elderly population rate 
reached 25.9% (MIAC, 2014). It is projected that more than a third of the population will be elderly 
(65 years or older) in 2035 (NIPSSR, 2014). The declining birthrate and growing proportion of 
elderly population have become the most important social problems in Japan. The spatial order 
(mainly including three dimensions: spatial regularity, spatial structure, and spatial process 
(Ishimizu, 1974)) of aging at different scales is becoming a topic of concern to geographers. At the 
national scale, the aging areas have been spreading from sparsely populated villages to densely 
populated urban regions (Mori, 1997). At the city or metropolitan scale, local enclaves of extreme 
aging have been reported, but the spatial order of aging has not been clarified systematically. 
Aging neighborhoods were first appeared in inner cities (Ishimizu, 1981; Takayama, 1982); then 
aging in suburban residential estates was reported (Kinjyo, 1983). This study sheds light on how 
aging neighborhoods are expected to spread throughout urban area, especially its patterns, 
determinants and trends. This research contributes in local demographic forecasting and provides 






Aging in suburbs is a main characteristic of urban space transition in Japanese cities. As Figure 
3.1 shows, during the rapid economic growth period in Japanese cities from the 1960s through the 
1970s, Newtowns were constructed on the outskirts of large cities to meet the housing pressure of 
inflowing population (Fukuhara, 1998). Most representatives are The Tama Newtown, The Senri 
Newtown and The Kozoji Newtown located at the three largest metropolitan areas, Tokyo, Osaka 
and Nagoya, respectively1. After several decades, these Newtowns were transformed to Oldtowns 
because of the rapid increase of elderly population since around 2000, attributable to baby 
boomers (in Japanese Dankai generation, those born during 1947–1949) were incorporated into 
the elderly population after 20002. And thus some unexpected urban problems are emerging. Such 
as deterioration of living environment (e.g. security problem, illegal dumping etc.) caused by 
increasing abandoned houses and declining neighborhoods. This will trigger more residents choose 
to leave, and lead to lower land use efficiency. Another example is the down grading of community 
services. Shrinking community size and the changing of household structure (e.g. declining of 
young household members) lead to education, commercial and other public facilities go out of 
business. People who still live and plan to live will find it difficult to access to school, shops or 
public transport. The losing amenity of these aging suburban neighborhoods will fail to attract 
younger families and further investment.  
 
 
Figure 3.1: Areas of Housing Land Supplied by Public Sector and Private Sector (F.Y. 1966-2010). 
Note: (1) Public supply means housing sites supplied by public organizations such as Urban 
Renaissance Agency (Former Japan Housing Cooperation) and local public organizations.  It 
includes housing sites supplied under land readjustment projects implemented by these 
organizations. 






land developers and land owners.  It includes housing sites supplied under land rearrangement 
projects by associations. 
(3) The figure is on the medium gross (M. G.) base in which areas of narrow streets and small 
parks are added to an area of a housing site. 
Source: Land Economy and Construction and Engineering Industry Bureau, MLIT (2010). 
 
Multidisciplinary approaches were used to analyze the reasons for aging in the suburbs. Urban 
geography and other related fields such as urban planning and real estate research give some 
explanations from different perspectives: First, from the perspective of demography, the age 
structure of inhabitants in newly developed suburbs always had a strong polarized characteristic. 
Residents aged from their 30s to 40s and their children shared an overwhelming amount of 
residents compared to other age groups. By the end of the 1990s, the parent generation began to 
join the elderly population. Moreover, their children became independent. A substantial increase 
occurred in the proportion of the elderly population (MHLW, 2000; Naganuma et al., 2006; Ito, 
2010). Secondly, from the perspective of urban planning, almost all Newtowns were designed as 
pure residential areas as a part of the urban context. Although the development of Japanese 
Newtowns was referred from British experience, the concept is somehow different (Omichi, 1966). 
In addition to the variety of population size (i.e. from thousands to hundreds of thousands), some 
fundamental distinctions apply to Japanese Newtowns. Japan's Newtowns were invariably located 
inside of commuter zones in a metropolitan area, recognized as a bedroom community. Apart from 
nursery schools, primary schools, and basic commercial facilities, they have insufficient ability to 
supply more functions such as recreation and employment. Compared to self-contained and 
well-balanced British Newtowns, Japanese Newtowns became places purely for living. Finally, 
from the perspective of the housing market, probably because of some institutional and common 
attitude reasons, Japan's secondhand housing market is underdeveloped compared to those of 
other advanced countries. The share of secondhand housing in the total housing market in Japan 
was about 13.5% in 2008. Although that share is becoming larger in recent years, it is about 
one-sixth that of western countries (MLIT, 2014a). Younger families with housing needs generally 
choose more remote and newly developed suburban estates instead of purchasing secondhand 
housing in aging communities. 
From the late 1990s, the so-called “back to the city”, or Toshin-kaiki movement first began in 
Tokyo, Osaka, Nagoya, and then in smaller cities; thereby the city center regained population 
gradually (Yamagami, 2003). Most scholars explain this phenomenon as attributable to the abrupt 
collapse of the real estate bubble after 1991. The rapid decline of land prices in central urban areas 
enabled the development of high-rise residential buildings. Therefore population recovered 
thereafter (Yabe, 2003; Tomita, 2004; Miyazawa and Abe, 2005; Koizumi et al., 2011). Some 
scholars have tried to give explanations through using the life cycle model of neighborhood change. 






land lots formerly belonging to elderly households were released and redeveloped into multifamily 
apartments. Therefore, the new influx of population became possible in city centers (Sonoda, 2010). 
Furthermore, some studies have analyzed Japan's social change, including demographic shifts and 
diversification of family types, e.g. from large households to small households because of the 
increasing of single-person households, and DINK families. As is true also for some changes in 
employment situation, increasingly numerous female workers and Tanshinfuninshya: people who 
live apart from their own family to work in another city (Yui, 2006; Kubo and Yui, 2011a). 
Furthermore, the change of life modalities, such as people pursuing amenities by living in the city, 
are increasing in recent years (Sakakibara et al., 2003; Kubo and Yui, 2011b). All of these demands 
have made city centers a new frontier of housing development. 
 
This study assesses features of the coexistence of the two phenomena of current Japanese cities; i.e. 
aging in inner suburbs and population recovering in city centers as a process that is explainable by 
the spatial pattern of residential structures in most Japanese cities. This study attempts to build a 
model to establish a connection between the two phenomena. Consequently, to clarify the spatial 
order of aging at a city scale, as well as the regularity of neighborhood change, we chose four 
regional central cities: Sapporo, Sendai, Hiroshima, and Fukuoka as the study area. The data we 
used for the study are based on National Population Censuses 2000 and 2010 and related 
geospatial data derived from National Land Numerical Information. The analyses are mainly 
conducted through the application of Geographical Information System platform (GIS, ArcGIS 
10.2.1 version; Esri). First, we examine the existence of residential segregation by age groups in 
each city. Secondly, we investigate the causes of this differentiation and analyze the characteristics 
of spatial distribution of each age group. Finally, we try to generalize the pattern and trend of 
aging, as well as the regularity of neighborhood change.  
 
3.2 Previous Studies and the Study Areas 
3.2.1 Research on Residential Differentiation and Neighborhood Change in Cities 
 Research on residential area began in 20th century (Booth, 1902), and from 1920s, the Chicago 
school of human ecology attempted to understand the spatial pattern of urban land use according 
to the ecological perspective. Based on the research of the growing American industrial cities, the 
process underlying the spatial configuration was explained by competition, invasion and 
succession activities. The distribution of different types of residential areas showed the tendency 
of congregation and segregation according to the social or ethnic character and formed “natural 
areas”. Three ecological models of the city were derived for interpreting the urban land use (mostly 
were about residential differentiation), the concentric zone model, the sector model and the 
multiple-nuclei model (Pacione, 2009). Then there are some modifications and supplement of the 







    Research on residential differentiation is becoming a hot issue in the field of urban studies. The 
study of Shevky and Bell (1955) which laid the foundation of social area analysis was based on the 
theory of social change, and used a multivariate classification procedure to overcome the 
shortcomings of Chicago ecologists. They regarded the city as “a product of the complex whole of 
modern society, thus the social forms of urban life (including residential differentiation) are to be 
understood within the context of the changing character of the larger containing society.” They 
suggested that social change from tradition to modern lifestyles, expressed as a gradual sorted 
process according to social rank or economic status, urbanization or family status, and segregation 
or ethnic status.  
 
    In the 1960s, as the popularization of quantitative analysis in social science, factorial ecology 
analysis becomes the main method of urban residential area research. Factorial ecology is 
measuring the social, economic and demographic characteristics of census tracts. Three general 
factors related to socio-economic status, family status and ethnic status, which are the same as 
Shevky-Bell's definition used commonly of North America cities (Pacione, 2009). Berry and Rees 
(1969) concluded that each of these factors influence the urban structure in a particular way. The 
spatial order of city would tend to divide into sectors, concentric zones or multiple nuclei if these 
three factors were solely functioned, respectively. This conclusion was proved by Erwin's (1984) 
comparative factorial ecology of 38 American cities.  
 
    Difference, diversity and identity are key concepts in postmodern readings of the city. Differences 
in cities are constructed across many dimensions including class, ethnicity, lifestyle, gender, 
sexuality, age and able-bodiedness. Of particular significance for geographers, social differences 
often take on a spatial or territorial identity (Castells, 1997) that contributes to the construction of 
communities in the city. Thus studies on the overall urban structure have been shifted to the 
formation and development of communities. The concept of community cohesion3 and subculture 
theory4 support the view that the process underlying neighborhood change lead to a sorting of the 
urban population into a mosaic of social worlds. Similarly, the main dimensions of socio-spatial 
differentiation are based on: socio-economic status, family status and lifestyle, geographical 
mobility and membership of minority group (Pacione, 2009). 
 
    On the other hand, the differentiation of the residential area also tends to interpret through 
residential adjustment or relocation, and finally was reflected in the differentiation of land value. 
People with a similar demand on living environment tend to be more concentrated in a specific 
geographical space. The aggregate of individual household residential decisions is reflected in the 
changing socio-spatial structure of city neighborhoods. The initial studies on neighborhood 
dynamics were by identifying stages in the process of neighborhood change (Hoover and Vernon, 






change, and summarizes the factors that may increase a of neighborhood's susceptibility to decline 
or revitalization (Pacione, 2009). 
 
    Neighborhood change in North American cities has been facilitated by the decrepitude of housing 
conditions, accompanied with the replacement of former inhabitants. Decrepit and low-rent 
housing located in the city center became the main residential areas of immigration and 
low-income families; along with improvement of income and social status, they left the city center 
and moved outward to reach a higher-level community. Then, the city center again became 
occupied by new immigrants and minorities. In the case of Asian cities, especially Japanese cities, 
socioeconomic and ethnic factors are not as marked as in the cities in North America. Moreover, 
the durability years of housing are shorter. Family status and lifestyle factors are recognized as 
the main reasons for residential differentiation (Watanabe, 1978; Nakazawa and Kawaguchi, 
2001; Tani, 2002). 
 
In the mainstream of urban residential differentiation research, especially the studies of family 
status as impact factor, household size, and age structure are often considered. The spatial 
differences of age structure are often regarded as an incident factor (McKenzie, 1933; Okui, 1940; 
Newcomb, 1957; Hoover and Vernon, 1962) reflected in the physical conditions of housing or 
social-economic status, but are not regarded as an independent factor to influence residential 
differentiation. In recent years, studies of aging in urban areas have attract much attention in 
Japan5. However, most of those studies were limited only to reports of specific cases based on 
statistics or questionnaire surveys, and do not conduct a systematic analysis. Furthermore, few 
studies have examined the spatial differences of age structure and the neighborhood change into a 
unified context. The analyses of Robson (1973) and Matsumoto (2004) provide the possibility of 
bridging the gap separating neighborhood change and residential differentiation by age structure. 
Their studies reach a consensus that the lifecycle of community is defined by the lifecycle of 







Figure 3.2: Household lifecycle and demographic structure of neighborhood in urban residential 
areas. 
Source: Robson (1973). 
 
This study specifically addresses residential differentiation in Japanese cities. Irrespective of the 
social-economic and ethnic factors, we used the basic attributes of person-age as the main variable. 
Age hints at the stage of life, household structures, and even income and other attributes to some 
degree. This study considered residential differentiation by each age group, not limited to the 
elderly population, to identify the stage of “evolution” of the neighborhood. This study was 
conducted to reveal the spatial structure of aging in urban areas, and to ascertain the regularity of 
neighborhood change in Japanese cities. 
 
3.2.2 Study Areas 
This study examines four Japanese regional central cities as study areas: Sapporo, Sendai, 
Hiroshima and Fukuoka. The following reasons explain their selection. 
 
(1) These four regional central cities are distant from the three largest metropolitan areas6. The 
geographical independence makes it suitable and easier to determine a coherent urban area. 
 
(2) The populations in all the four cities are over 1 million7. Newtown development occurred from 






metropolitan areas8. Moreover, the four cities have more diverse communities than smaller cities. 
 
(3) The urban spatial structure is roughly approximated as a concentric pattern, with a single city 
center. 
 




Figure 3.3: Location of the Four Regional Central Cities and Their Managing Territories. 
 
3.3 Residential Segregation by Age Groups 
3.3.1 Measuring Segregation 
Considerable controversy has persisted over the measurement of segregation. Massey and Denton 
(1988) used an extensive literature search and cluster analysis to identify 20 different indexes of 
segregation and classify them into five key dimensions of segregation. Fundamentally, they are 
evenness, exposure, concentration, centralization, and clustering. A particular issue is the effect of 
spatial scale of analysis of the results, as indices of segregation increase concomitantly with 
decreasing population size of the spatial units being used. This could engender invalid 
comparisons being made between levels of segregation in studies using different area units as a 







Two measures of segregation are currently in general use: The index of dissimilarity (Duncan and 
Duncan, 1955) and the index of isolation (Lieberson, 1981). The index of dissimilarity (D) 
compares the residential locations of pairs of groups (e.g. whites and blacks) and gives a measure 
of the net percentage of a population group who would have to be relocated to produce an uniform 
community. The index values range from 0 to 1 (or from 0% to 100%); if the two groups were evenly 
distributed in all areas (e.g. census tracts) of the city, the index would be 0 (or 0%), whereas if the 
city were segregated completely and census tracts were inhabited exclusively by one group or the 
other, the index would be 1 (or 100%). 













       ai = population of subgroup a in statistic area i; 
       A = population of subgroup a in all statistic areas; 
       bi = population of subgroup b in statistic area i; and 
       B = population of subgroup b in all statistic areas. 
 
One shortcoming of using D is that it does not take account of the fact that in a city in which two 
groups reside, one of which is much larger than the other; there will be a greater probability of a 
member of the smaller group coming into contact with a member of the larger group than vice 
versa. The index of isolation (P*) measures both the potential for contact within groups or between 
groups and enjoys the advantage of using the same data inputs as D. Like the D this index runs 
from 0 (for a very small group that is quite dispersed) to 1 (meaning that group members are 
entirely isolated from other groups). It must be stated that this index is affected by the group size: 
it is almost invariably smaller for smaller groups, and it is likely to rise over time if the group 
becomes larger. 
 























       ai = population of subgroup a in statistic area i; 
       A = population of subgroup a in all statistic areas; 
       ti = total population in statistic area i. 
 
We calculated the index of dissimilarity (D) and the index of isolation (P*) of each city for year 
2010 based on national Census Small Areas (Chochomoku units). Table 3.1 shows the average 






in rows with bold and italic respectively. Results show the following: (1) D in adjacent age groups is 
less than D in nonadjacent age groups in the case of people older than their 20s, i.e. the adjacent 
age groups live less segregated than the nonadjacent age groups after their independence (over 20 
years old). (2) D in ages 0s and 30s, and 10s and 40s are smaller because the former age groups are 
children of the latter age group. (3) The maximum value of D is between 0s and people in their 70s 
and older, i.e. families with children and families with elderly people are the most segregated. 
Table 3.2 shows the value of P* in each city. We marked two age groups with the top two maximum 
values. In all four cities, we found that the 30s and persons in their 70s or older got the highest 
isolation index than other age groups. It can be inferred that the residential areas of elderly people 
and young adults are more isolated from other age groups. The following sections 3.2 and 3.3 
present analyses of the spatial distribution of each age group and the causes of this phenomenon. 
 
Table 3.1: Average Index of Dissimilarity of Four Cities in 2010. 
 Age 
Groups 
0s 10s 20s 30s 40s 50s 60s 70s+ 
0s - 17.63% 24.95% 13.17% 16.41% 23.87% 27.79% 32.70% 
10s 17.63% - 22.27% 19.34% 11.86% 17.30% 23.17% 28.77% 
20s 24.95% 22.27% - 16.59% 19.38% 21.52% 26.50% 31.11% 
30s 13.17% 19.34% 16.59% - 13.44% 20.79% 25.03% 29.80% 
40s 16.41% 11.86% 19.38% 13.44% - 15.58% 22.28% 27.55% 
50s 23.87% 17.30% 21.52% 20.79% 15.58% - 13.75% 21.17% 
60s 27.79% 23.17% 26.50% 25.03% 22.28% 13.75% - 15.96% 
70s+ 32.70% 28.77% 31.11% 29.80% 27.55% 21.17% 15.96% - 
Note: (1) Values were calculated according to Chochomoku units. 
(2) Scope of statistics was defined as the 30 km buffer area from each city's center rail station (in 
this study, we chose Sapporo Station, Sendai Station, Hiroshima Station, and Tenjin Station). 
Data source: National Census, 2010. 
 
Table 3.2: Index of Isolation of Four Cities in 2010. 
City Name 
Age Groups 
0s 10s 20s 30s 40s 50s 60s 70s+ 
Sapporo 9.84% 11.31% 15.73% 16.52% 14.90% 14.98% 16.18% 19.99% 
Sendai 11.82% 12.12% 16.15% 18.35% 15.11% 15.13% 15.39% 19.54% 
Hiroshima 11.78% 11.62% 15.45% 16.97% 14.35% 13.68% 16.97% 20.42% 
Fukuoka 11.35% 11.45% 15.17% 16.92% 13.97% 14.11% 14.93% 18.10% 
Note: (1) Values were calculated according to Chochomoku units. 
(2) Scope of statistics was defined as the 30 km buffer area from each city's center rail station (in 






Data source: National Census, 2010. 
 
3.3.2 Mapping Segregation 
We attempt to represent the pattern of residential segregation visually by age groups through GIS. 
Results showed that the Chochomoku unit (Census Small Areas), used in section 3.1 are not 
suitable for this analysis. Since the Chochomoku unit is too small (especially in the city center 
area) and the pattern was not easily identifiable. Therefore, we aggregated the statistic tracts to 
Oaza unit9. We calculated the specialization coefficient of six age groups (from 20s to 70s and 
older) in all Oaza units. Then we assigned the age groups that have the maximum specialization 
coefficient to an Oaza unit. The corresponding age group was recognized as the dominant residents 
in each Oaza unit. Figure 3.4 portrays the pattern of residential segregation by age groups in the 
four urbanized areas. We were able to observe some common features: (1) people in their 20s, 30s, 
and part of 40s occupied mainly the inner areas; (2) people in their 60s, and people in their 70s and 
older are the dominant age groups in the inner suburban areas; (3) people in their 40s and 50s are 
more prevalent in outer suburban areas; (4) some 30s residential areas are located in the urban 
peripheral areas, where the frontier of new residential development is located. We also overlay the 
layer of the distribution of Newtowns above each segregation maps. It was readily apparent that 
the development period of Newtowns has a certain corresponding relation with the dominant age 
group. Aside from the city center, the earlier developed Newtown is more likely dominated by elder 















Note: (1) Divisions of age groups are 
based on data of the year 2010. 
(2) The youngest age group which can 
be recognized as having the ability to 
live independently is 20s. 
(3) To delete the influence of “noise” 
values, e.g. in rural areas with a 
significantly high proportion of elderly 
population, we only selected the Oaza 
units with a population density over 
1000 people per square kilometer 
(considered as an urbanized area). 
(4) The development period of 
Newtown was determined by the start 
year of construction and the finish 
year. 
Source: National Census, 2010 







3.3.3 Cause of Segregation 
We next analyze why residential segregation according to age groups happened and what factors 
determined its spatial pattern. From the perspective of residential differentiation, people with 
similar lifestyles and needs more likely make similar decisions when choosing residential areas. 
Congregations of similar households form neighborhoods with their own identities. In western 
countries, this agglomeration process is implemented through the intra-city movement of 
individual family (Rossi, 1955). Because it is hard to obtain unified residential relocation records 
for each city over a long time span (e.g. several decades), it is impossible to ascertain the reason of 
residential segregation directly by age group through analyzing the character of intra-city 
population movement. However, we can infer from the age structure of the individual urbanized 
areas (i.e. urbanized areas according to development period) at the current stage. In other words, 
through analyzing the age structures of the individual urbanized areas we can ascertain the 
remaining ratio (percentage of population who did not change residential area since the 
development of the area) of a specified age group to some extent. Although this result is not 
intuitive, it can provide some material to conduct further analyses. 
 
Densely Inhabited Districts (DID) are urban areas that are designated based on statistical data 
which meet certain criteria8; DID have been designated in each census since 1960. According to 
the individual DID area data of 1960–2010, the current urbanized area in 2010 are divisible into 
six parts as the following. The area built up before 1960 (old town where CBD located), and the 
area built up during the 1960–2000s in every 10 years. Using the national population census data 
in 2010, we investigated the age structure of each area in four cities as shown in Table 3. Although 
the age distribution in areas varies among the four cities, we can confirm the trend through 
calculating the average percentage of each age group in the four cities. The built up area developed 
before the 1960s is inhabited mainly by people in their 20s and 30s. The areas developed in the 
1960s are inhabited mainly by people in their 30s and those in their 70s and older. The areas 
developed in the 1970s are inhabited mainly by people in their 60s and in their 70s and older. The 
areas developed in the 1980s are inhabited mainly by people in their 50s and 60s. The areas 
developed in the 1990s are inhabited mainly by people in their 40s and 50s. The newly built up 
areas after 2000 are inhabited mainly by people in their 30s and 40s, and by children in their 10s. 
As a result, the born year of the residents will always 30 years before the development year of 
DIDs except DIDs before 1960 (Table 3.4). Furthermore, people in their 30s constitute a larger 
share than other age groups in the four cities because they are the child generation of baby 







Table 3.3: Age Structure by Development Period in 2010. 
Sapporo 
Development 






0s 10s 20s 30s 40s 50s 60s 70s + Total over 65 
before 1960 6.5% 7.7% 16.5% 17.2% 14.5% 12.5% 11.9% 13.1% 100% 18.2% 4.5 
1960s 7.4% 8.5% 12.3% 15.5% 14.0% 13.2% 13.7% 15.3% 100% 21.4% 6.1 
1970s 7.7% 9.2% 9.7% 13.6% 12.8% 13.5% 16.6% 16.9% 100% 24.2% 8.3 
1980s 7.1% 10.0% 11.1% 12.1% 12.4% 16.4% 16.5% 14.4% 100% 21.0% 9.3 
1990s 8.5% 13.7% 10.7% 12.0% 15.9% 16.7% 12.0% 10.6% 100% 15.2% 9.8 





Period of DID 




0s 10s 20s 30s 40s 50s 60s 70s + Total over 65 
before 1960 7.2% 9.2% 17.5% 15.8% 13.7% 12.5% 10.9% 13.1% 100% 17.7% 3.7 
1960s 8.2% 9.6% 13.7% 15.2% 13.4% 12.3% 12.1% 15.6% 100% 21.1% 4.8 
1970s 8.6% 10.0% 11.5% 14.7% 13.1% 12.0% 14.0% 16.0% 100% 22.7% 6.2 
1980s 8.6% 10.3% 11.5% 14.9% 12.3% 13.9% 16.2% 12.3% 100% 19.1% 7.0 
1990s 10.0% 11.7% 13.0% 15.9% 14.6% 14.6% 11.0% 9.2% 100% 13.6% 7.6 










Period of DID 




0s 10s 20s 30s 40s 50s 60s 70s + Total over 65 
before 1960 8.2% 8.6% 12.2% 15.5% 13.5% 12.3% 13.9% 15.8% 100% 22.0% 4.9 
1960s 10.1% 10.1% 11.9% 16.5% 14.0% 11.5% 12.6% 13.3% 100% 19.0% 6.0 
1970s 10.2% 10.3% 10.5% 15.6% 13.4% 11.6% 14.5% 14.0% 100% 20.6% 7.3 
1980s 8.7% 10.0% 10.0% 13.3% 12.0% 14.3% 17.3% 14.4% 100% 21.8% 8.0 
1990s 13.8% 16.6% 13.9% 17.8% 17.9% 13.2% 6.2% 0.6% 100% 2.8% 8.1 




Period of DID 




0s 10s 20s 30s 40s 50s 60s 70s + Total over 65 
before 1960 7.7% 8.6% 16.9% 17.8% 14.4% 12.3% 11.0% 11.2% 100% 15.7% 4.8 
1960s 9.3% 10.3% 12.4% 15.3% 13.6% 12.9% 12.7% 13.5% 100% 19.0% 6.1 
1970s 9.8% 10.3% 11.7% 15.2% 12.8% 12.6% 13.9% 13.7% 100% 19.9% 8.6 
1980s 10.1% 10.3% 11.9% 15.1% 12.5% 13.4% 14.4% 12.4% 100% 18.4% 9.4 
1990s 10.8% 12.8% 11.4% 14.5% 14.5% 14.9% 12.2% 8.9% 100% 13.7% 9.8 











Period of DID 
Age Groups 
0s 10s 20s 30s 40s 50s 60s 70s + over 65 
before 1960 7.4% 8.5% 15.6% 16.7% 14.1% 12.4% 12.0% 13.2% 18.4% 
1960s 8.6% 9.5% 12.4% 15.5% 13.8% 12.7% 13.0% 14.5% 20.1% 
1970s 9.0% 9.9% 10.8% 14.6% 13.0% 12.6% 14.9% 15.2% 21.9% 
1980s 8.5% 10.1% 11.2% 13.7% 12.3% 14.7% 16.0% 13.5% 20.1% 
1990s 10.0% 13.1% 11.8% 14.3% 15.3% 15.3% 11.3% 8.9% 11.3% 
2000s 17.6% 15.6% 6.7% 18.5% 17.5% 11.7% 8.6% 3.7% 7.1% 
Note: (1) Scope of statistics was defined as the 30 km buffer area from each city's center rail station (in this study, we chose Sapporo Station, Sendai 
Station, Hiroshima Station, and Tenjin Station). 
(2) The top two age groups in each area are highlighted with underline. 
Data source: National Census, 2010. 
 
Table 3.4: The Regularity of Cohort and The Development Period in 2010. 
 
Birth Year Age in 2010 Development Period of DIDs 
1930s 70s+ 1960s 
1940s 60s 1970s 
1950s 50s 1980s 
1960s 40s 1990s 
1970s 30s 2000s 
Note:  
[3]    YDID = Yc+30 
 
Where, 
YDID is the development period of DIDs; 






It might be inferred that the main inhabitant's age group in each urbanized area is correlated 
strongly with the developed period of the area. This regularity determined the spatial pattern of 
segregation by age. Otherwise, when we consider why it occurred, three hints will be apparent 
from the data. First, the residents’ remaining rate is high. When we specifically examine the areas 
developed in the 1970s, more than 30% of people in their 60s and people in their 70s and older 
population still reside there: over 30% of residents did not move from the area after 40 years, 
assumed there was no inflow movement happened. Secondly, the age structure shows a lack of 
balance. It is apparent that newly developed areas after 2000 are inhabited primarily by people in 
their 30s, people in their 40s, and their children’s generations. This situation might not differ in 
other areas at the beginning of development period. Thirdly, population exchanges among different 
areas rarely occur. Excluding the inner city, part of 30s and 40s flow in the redeveloped areas after 
1990. Therefore, changes in the age structure occurred once with a high proportion of elderly 
population in the 1970s and 1980s reported by the previous studies (Kagawa, 1987; Kagawa, 1990; 
Tanabe and Hasegawa, 1982). In other areas distant from the city center, it was difficult to find 
population exchange, except in some neighborhoods near subway stations (Feng and Isoda, 2015). 
As a result, residential segregation by age groups in Japanese cities is caused mainly by low 
household mobility. 
 
3.4 Regularity of Neighborhood Change 
3.4.1 Transfer Rule of Neighborhood Change 
One more research objective in this study is to bridge the gaps between residential 
segregation and neighborhood change. In this study, we examine the alteration of a dominant age 
group in an Oaza tract as a neighborhood change. We conducted a time-series analysis to ascertain 
the character of the neighborhood changes in the four cities. We used the national population 
census in year 2000, and mapped of the residential segregation in 2000 in the same way as in 
Figure 3.4. Therefore, we can monitor the change of dominant age group in 10 years at the same 
Oaza unit11. Figure 3.5 shows that neighborhoods dominated by 20s in 2000 were also dominated 
by the same age group in 2010, a few of them transfer to 30s-dominated neighborhoods; people in 
their 30s, 40s, 50s, and 60s who dominated neighborhoods in 2000 are almost transferred to 
domination by people in their 40s, 50s, 60s, and people in their 70s and older, respectively, i.e. 
these neighborhoods are “aging in place.” It must be emphasized that over 20% of 70s and older 
dominated neighborhoods were transferred to younger neighborhoods from 2000 to 2010, except 
those which are “aging in place”. We can find most of these transferred neighborhoods are resided 












Figure 3.5: Neighborhood change during 2000–2010. 
 
Note: (1) All figures are total numbers for four cities. 
(2) Number in () is the number of neighborhoods, the same as the Oaza units in this study. 
Source: National Census, 2010. National Land Numerical Information. 
 
We conclude that except for most 20s and a part of 30s dominated neighborhoods (mostly rental 
apartments in the inner city), the neighborhood change in the urbanized area occurred mainly at 
the same places through the change of dominant age groups. This character might reflect the 
stagnation of household movement from another perspective. 
 
3.4.2 Spatial Structure of Aging 
Using national population census data for 2000 and 2010, we sketched the density gradient of 
elderly population (over 65 years old) in the four cities (Figure 3.6). Compared with the year 2000, 
the density of elderly population in the year 2010 saw a general upward trend. However, the 
location of peak values and the overall trend of the average density curve did not change too much 
in these 10 years. Therefore, “aging in place” is a major feature of the spatial structure of aging. In 
addition, according to the distribution of elderly population change shown in Figure 3.7, the peak 
of growth is mainly distributed in the area of 8–9 km from the city center, most of these areas are 
Newtowns in inner suburbs developed in the 1960s and 1970s (Figure 3.4). Consequently, 
according to the features of residential segregation by age groups we figured out in the previous 
sections, we can infer that the spread of aging neighborhoods from inner suburbs to outer suburbs 
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Figure 3.6: Density of elderly population during 2000–2010. 
Note: Calculations were based on Chochomoku units. 
Source: National Census, 2000, 2010. 
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Figure 3.7: Changes in elderly population during year 2000–2010. 
Note: Calculations were based on Chochomoku units. 
Source: National Census, 2000, 2010. 
 
3.4.3 Spatial Pattern of Neighborhood Change 
Section 4.1 only described the transfer rule of neighborhoods dominated by different age groups. 
This section includes specific examination of their spatial characteristics. Figure 3.8 depicts the 
spatial trend of neighborhood change. The following observations were made: (1) in these 10 years, 
the shares of neighborhoods being dominated by people in their 20s, 30s, 40s, and 50s are 
becoming increasingly numerous in the core areas (about 0–3 km from center station), while 
people in their 60s and people in their 70s and older are decreasing. (2) The share of 
neighborhoods being dominated by people in their 60s are growing in outer suburbs, whereas 
people in their 70s and older are becoming more numerous in the inner suburbs. We can infer that 
younger neighborhoods are gradually occupying the city core area, whereas aging neighborhoods 
are gradually moved away from the city center and spreading outward. The transfer rule we 
showed in section 3.4.1 and the spatial pattern of neighborhood change indicated the regularity of 
neighborhood change, i.e. the renewal of the neighborhood first occurred in the center areas and 
then spreads out until the neighborhood is dominated from an elderly to a young population, 








Figure 3.8: Distribution neighborhoods dominated by individual age group during 2000–2010. 
 
3.5 Chapter Summary 
We observed phenomena related to residential segregation by age groups in all the four regional 
central cities in Japan: Sapporo, Sendai, Hiroshima, and Fukuoka. The spatial pattern of 
segregation is closely related with the development period of urban area in the time dimension, as 
well as closely related with the distances from city center in the spatial dimension. In general, the 
spatial pattern of segregation shows a roughly concentric shape at the current stage. The city 
center and surrounding areas developed before the 1960s are mainly occupied by people in their 
20s and 30s, and partly by elderly population, which collectively dominate the neighborhoods. The 
inner suburbs developed during the 1960s and 1970s are mainly occupied by elderly people, who 
settled in the neighborhoods when they were at age 30s and 40s. The outer suburbs developed 
during 1980s and 1990s as neighborhoods mainly occupied by people in their 40s, 50s, and 60s. In 
the peripheral areas of the cities are newly developed residential areas occupied by people in their 
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The residential segregation by age groups can be explained by the of intra-city household 
immobility. Through analysis of the national population census of year 2000–2010, we discovered 
that excluding the neighborhoods dominated by people in their 20s and 30s, over 70% of 
neighborhoods is “aging in place.” Unlike with western countries, the intra-city household 
immobility has determined the regularity of neighborhood change in Japanese cities. Therefore, 
the identity (or status) of neighborhoods is closely related to the life stage of the dominant age 
group. Age, as an important indicator of the life stage (such as marriage, birth of child, 
independence of children, retirement, etc.) will strongly influence the neighborhood identity. 
 
More importantly, occupation of space by individual age groups and the regularity of neighborhood 
change lead to two inferences. The spatial structure of aging will spread out from city center to 
suburbs. The other is the renewal of neighborhood (change of dominant age group) also expand 
from city center to the outskirts. However, the update cycle will vary from area to area, which is 
beyond the scope of this study. According to the above conclusions, we explore the model of spatial 
structure of aging and renewal of neighborhood formulated by the phenomenon of residential 
segregation by age groups (Figure 3.9). 
 
 
Figure 3.9: Conceptual model of the spatial structure of neighborhood aging and renewal.  
 
Note: We assume that no enormous immigration will happen, the population decline will continue, 
and the average elderly population rate in urban area will gradually growing. 
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(1) The spatial spread of aging is following the same process of urban spatial development; 
(2) Aging will happen independently in inner city, inner and outer suburbs; 
(3) Aging and rejuvenation appear alternately, but degree of aging will be higher than the previous 
phase and rejuvenation will be weaker than the previous phase. 
 
As some significant results, we observed residential segregation by age groups in the four cities, 
which have a strong relation with the development period of urban areas and the distance from 
the city center, and therefore roughly represented by a concentric pattern. According to the pattern 
of segregation, we conclude that the aging neighborhood first appeared in the city center area. 
Then it spread to the suburbs. A new round of formation of young households will most likely flow 
into the previously aged neighborhoods and partially new developed suburban estates. The cyclical 
change of neighborhood has been strongly determining the spatial order of Japan's major cities. 
 
Note 
[1] Most representatives are The Tama Newtown (planned at 1965 and tenants start at 1971), The 
Senri Newtown (planned at 1960 and tenants start at 1962) and The Kozoji Newtown (planned at 
1960 and tenants start at 1968) located at the three largest metropolitan areas, Tokyo, Osaka and 
Nagoya, respectively. 
 
[2] The Tama Newtown (planned at 1965 and tenants start at 1971), located at the western 
suburbs of Tokyo metropolitan area, and across Inagi city, Tama city, Hachioji city and Machida 
city, Tokyo Prefecture; The Senri Newtown (planned at 1960 and tenants start at 1962), located at 
northern suburbs of Osaka metropolitan area, and across Toyonaka city and Suita city, Osaka 
Prefecture; and The Kozoji Newtown (planned at 1960 and tenants start at 1968), located at the 
northeastern suburbs of Nagoya metropolitan area, mainly located at Kasugai city, Aichi 
Prefecture. For more details of the history of Newtown in Japan, please see Fukuhara, 1998. 
 
[3] According to Finsterbusch (1980), the concept of community cohesion refers to the amount and 
quality of social relations and interactions in a neighborhood and to attraction to or identification 
with the area. 
 
[4] The existence of distinctive socio-spatial urban subcultures is the result of the process of 
segregation and congregation of groups in the city (Pacione, 2009, pp.377). 
 
[5] Tokyo (Yano et al., 1990), Nagoya (Saino, 1989), Osaka (Takayama, 1983), Kyoto (Kagawa, 
1991), Fukuoka (Naganuma et al., 2008; Saino, 1992), Sapporo (Saino, 1990), Hiroshima (Yui, 







[6] Sapporo is located in the Hokkaido Region. Sendai is located in the Tohoku Region. Hiroshima 
is located in the Chugoku Region. Fukuoka is located in the Kyushu Region. 
 
[7] The respective populations in Sapporo, Sendai, Hiroshima, and Fukuoka municipal areas are 
1.9, 1.0, 1.1, and 1.5 million in 2010. The respective populations in the metropolitan area (in this 
study areas covered 30 km from center station) are 2.3, 1.6, 1.8, and 2.9 million in 2010. 
 
[8] So-called Cities Designated by Government Ordinance have been established since 1956: they 
are cities that have a population greater than 500,000 and which have been designated as such by 
an order of the cabinet of Japan under Article 252, Section 19 of the Local Autonomy Law. 
Designated cities are delegated many of the functions normally performed by prefectural 
governments in fields such as public education, social welfare, sanitation, business licensing, and 
urban planning. The city government is generally delegated the various minor administrative 
functions in each area, whereas the prefectural government retains authority over major decisions. 
Sapporo, Sendai, Hiroshima, and Fukuoka respectively became designated city in 1972, 1989, 
1980, and 1972. 
 
[9] Oaza consists of Chochomoku units. Each Oaza and Chochomoku has a unique code and the 
code of Oaza and Chochomoku share the same first nine digits from the Chochomoku units which 
belong to the same Oaza were merged to Oaza units in GIS platform. 
 
[10] Densely Inhabited Districts are the urban areas that are designated based on statistical data 
and which meet the following criteria, and which have been designated in each survey since the 
1960 Population Census of Japan. 
1) A district containing basic unit blocks, etc. with a population density of 4,000 and more per 
square kilometers, such districts are mutually adjacent in a municipality 
2) A district consisting of the above adjacent basic unit blocks, etc. with population is 5,000 and 
more at the time of the Population Census of Japan. (Statistics Bureau, Ministry of Internal 
Affairs and Communications) 
see http://www.stat.go.jp/english/data/chiri/did/1-1.htm 
 
[11] Our analysis was based on 2010 Oaza units because the coverage area of some census tracts 
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Appendix C Housing development in Sapporo, Sendai, Hiroshima and Fukuoka 
Table1: Newtown Development in Sapporo, Sendai, Hiroshima and Fukuoka Metropolitan area 







































239.0  21,649  4.4  100.0  0.0  126.1  15,750  1.4  0.0  100.0  
1960-196
9 
2,651.0  293,723  8.8  89.1  10.9  1,518.4  151,211  5.9  34.7  65.3  
1970-197
9 
2,929.8  230,034  13.1  69.4  30.6  2,715.2  166,103  9.7  32.8  67.2  
1980-198
9 
1,355.7  99,386  13.1  41.0  49.0  2,449.8  160,936  10.6  11.0  89.0  
1990-199
9 
1,032.7  60,810  12.2  49.8  50.2  960.0  58,540  10.6  5.8  94.2  
2000-200
9 













































n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
85.0  13,100  10.9  63.5  36.5  809.9  78,433  11.8  58.2  41.8  
1,599.7  114,151  11.5  60.0  40.0  1,447.5  129,712  11.8  48.4  51.6  
696.9  63,256  13.7  28.2  71.8  1,390.8  105,053  17.2  45.3  54.7  
559.0  49,216  9.2  0.0  100.0  850.4  60,414  15.5  52.0  48.0  
436.0  36,200  9.0  0.0  100.0  182.4  19,302  12.6  59.2  40.8  
Note: 
(1) This table only calculates Newtown with a planned area over 16ha, and with a planned population over 3,000, and over 1000 house unit;   
(2) The area covered 30km from the city's center station;  
(3) The distance from the center of individual Newtown to the city's center rail station. 






4 The Transformation of “neighborhood” and “community” During Rapid 
Development Period in Chinese Cities: the Loss of Perceived “territory” 
 
Profound social and physical changes have taken place in urban China since the Reform and 
Opening-up in 1978. This study aimed to investigate the patterns and trends of urban residential 
area transitions, and to analyze the relevant driving factors that determined the changing. 
Through a detailed field survey and historical satellite imagery analysis in Chengdu, located in 
southwest of China, Sichuan Province. We founded that the basic urban residential unit went 
through a social and physical transition that apparently changed from pre-1949 residential areas 
and work-unit compounds to commodity housing estates, then to city complexes during the last 
three decades. As the coexistence of various kinds of residential areas in the transition period, the 
overall urban form appeared as a mosaic-like pattern with less regularity along a rural-urban 
gradient, representing the Chinese style space stratification and segregation. Finally, it is 
necessary to point out that these transitions were achieved at the expense of a huge loss of nature 
ecology and arable land under the current government and estate developers-led development 
scheme. Rose attentions to concern the overheated real estate investment and recognize the 
vulnerability of living conditions in current urban China are required urgently. 
 
4.1 Introduction 
Comprehensive reforms of social-economic system, particularly in land, housing, welfare, 
distribution systems since the Reform and Opening-up in 1978, played a significant role in 
changing social and physical landscapes in urban China (Davis et al., 1995; Gu and Kesteloot, 
1998; Wu, 2002). It is worth mentioning that the gradual suspension of the public housing 
provision and the beginning of housing commodification from 1980s radically changed both urban 
space and human behavior (Lin, 1999; Huang and Clark, 2002). Some key features in the socialism 
urban fabric are gradually replaced by a different set of urban attributes during the last three 
decades. The homogeneous urban residential spaces which were made up of state work-unit 
(danwei) compounds are continually collapsed. China has moved away from being one of the most 
egalitarian to one of the most unequal societies in the world (World Bank, 1997).  
 
As city blocks are redeveloped in an uncoordinated fashion, Chinese cities today are chaotic, just 
like a hodgepodge: different spaces intertwined together with the noise from the countless 
construction sites, such as gardened high rise condominiums adjacent to slums, massive shopping 
malls next to the cramped family workshops, modern skyscrapers close to traditional courtyards 








Figure 4.1: Wealthy residential and old danwei compound are separated by wall side by side in 
Kaifeng, Henan province (photograph by the author, February 2014). 
 
Restructuring of urban form in China is a very complicated and wide-ranging process. There are 
extensive literatures on the impacts of land and housing reform in urban China (e.g. Wu and Yeh, 
1997; Logan, 2002; Wang et al., 2005; Friedmann, 2005). These studies reveal the fact that as the 
establishing and expanding of land and housing market since 1980s, urban renewal in the central 
area and rapid development in the peripheral areas are reshaping the spatial structure of Chinese 
cities. A general understanding is that due to the institutional transition from a centrally planned 
economy to a socialist market economy, market force is playing increasingly important role in the 
restructuring process. Residential segregation and housing inequality was increased rapidly in 
China’s urban area. New spaces such as migrant enclaves, urban village, “ant tribe”, and gated 
communities became symbolic elements of Chinese style spatial differentiation (Liu, et al., 2010; 
Breitung, 2012, Cook et al., 2013). These characterized spaces had attracted great attentions from 
domestic and foreign researchers. But there are rare studies on the whole trend of urban 
transitions, especially discuss the pattern and trend of morphological change of urban structures. 
We believe that the transitions of urban space are full of diversities and uncertainties by the 
geographical environment, culture, local policy, etc. in different cities. Even though, we assumed 






part of the country. This study is to find the clue of urban space transition, and attempted to draw 
a whole picture of urban space in the transition era rather than concentrated on a specific corner. 
 
This study focuses on the residential area transitions under different social-economic situations 
from a historical perspective. It provides a timeline analysis of the processes, patterns, trends and 
determinations of change in contemporary urban China. Furthermore, some problems during the 
transition era and recommendations for the future residential area planning will be discussed at 
the end. This study is trying to clarify three questions: what patterns were exhibited in the urban 
space currently; why this situation was brought to reality; and how to instruct future urban 
planning through the clarification of this phenomenon. 
 
We conducted field surveys in the five largest metropolitan areas in the spring of 2014, where 
probably represent the “state-of-the-art” urban development in China. The sample cities include 
those in the Capital Region (Beijing and Tianjin); Yangtze River Delta Region (Hangzhou, Nanjing, 
Shanghai, Suzhou); Central China Region (Changsha, Wuhan, Zhengzhou); Pearl River Delta 
Region (Guangzhou, Shenzhen, Zhuhai); and Southwestern China Region (Chengdu and 
Chongqing); and also some local cities such as Baotou (Inner Mongolia), Kaifeng (Henan Province) 
and Kunming (Yunnan Province). To gather varieties of cases, the sample cities are selected by 
different population size and economic level. Through this survey, we found some similarities 
between the cities in the change of urban residential areas, common across relatively economically 
lagged inland cities in Inner Mongolia and Henan province and in the more developed coastal 
Yangtze River Delta and Pearl River Delta Regions. Even though the scale and speed is varied by 
regions, residential areas of all surveyed Chinese cities have experienced and experiencing the 
transitions from the pre-1949 residential areas and danwei (work-unit) compounds to xiaoqu 
(commodity housing estates) and city complexes. In this paper, we chose Chengdu, Sichuan 
Province, as a proper case to account this phenomenon. The data gathered from the government 
agencies, fieldworks in the local communities and analysis of historical satellite imaginary 
supported our findings. The findings revealed that urban space in the transition period appeared a 
random, fragmented, and mosaic-like pattern. Even the spatial differentiation happened through 
the enhancement market force, the urban form is still lacking in order and regularity across 
rural-urban gradient. This is quite different from North American cities as described in the three 
classic city models (Burgess, 1925; Hoyt, 1939; Harris and Ullman, 1945).  
 
After a brief introduction of city planning history in China, this paper mainly discussed the 
following contents: 
(1) Descriptions of danwei compound, xiaoqu and city complex as a residential area and as a place 
in the city; 






(3) Clarification of the problem and implications for the future urban planning.   
4.2 Origin of City Planning and Urban Residential Areas Until 1949 
Before we get into the main question, it is necessary to have a retrospection of urban space 
evolution, which could help us to have a better understanding about urban form in contemporary 
Chinese cities. The history city planning in China can be traced back to the “Kaogong Ji” (the 
Inspection of Engineering Work), in the “Ritual Ethics of the Zhou Dynasty” (c. 1123 - 256 BC). 
“Kaogong Ji” instructs the ideal spatial forms and layout plans of streets, ancestral temples, 
imperial palaces and city markets of Wang Cheng, the imperial capital city. The Wang Cheng, the 
imperial city, was square in shape, stretching nine “li” (about 4.5 km) on each side, and each side 
having three city gates. Within the city there were nine horizontal streets and nine vertical streets, 
each street was wide enough to accommodate nine carts running in parallel. A city block was thus 
about 500m by 500m square. A palatial town was located in the center of the city, and on the left of 
the palatial town was an ancestral temple for worshipping the ancestors of Emperor Zhou; on the 
right was a She Ji Altar for worshipping the god of land and the god of grain. In front of the palace 
was a square called “Wai Chao” (looking outside), and at the back of the palace was a market 


































The Ritual Ethics helped maintain the power structure and inheritance at the theoretical level in 
ancient China while “Kaogong Ji” explicated the city building methodology at the practical level 
(Jiao, 2012). The ideas behind the planning were practical (originated from agriculture), but also 
had a philosophical and cosmological component. City planning emphasizes symmetry and 
uniformity, the square and grid-type settlements was imposed upon the country and succeeded 
with subdivision land-planning methods and consisting of functional blocks (Marten, 2011). City 
gates and walls are commonly found in ancient Chinese cities, e.g. Xi'an, Luoyang, Kaifeng, 
Nanjing, Beijing etc. The walls and gates demarcating the city from the outside world are defense 
to the enemy invasion, they also play a role as the symbol of the city scale and territory, and thus 
been the key point of urban construction. These “DNA” had been successfully inherited, and 
brought a great impact on the later urban planning. Although, city walls and gates were removed 
or forced to pull down after the foundation of the People's Republic of China in 1949,  they are 











Figure 4.3: City wall and city gate: (a) city wall in Nanjing build in Ming Dynasty (1366 - 1386 AD), 
view from Xuanwuhu Park; and (b) Daliang Gate in Kaifeng, Built in Tang dynasty (781 AD), 
rebuilt in 1998 (photograph by the author, February 2014). 
 
As the evolution of residential space in cities of ancient China, it was roughly experienced the 
transitions from “Li-Fang” system to “Jie-Xiang” system. From the Spring and Autumn Period 
(770-476 BC) to Tang dynasty (618-907 AD), Chinese cities were followed by the “Li-Fang” system. 
Urban land was divided into many districts by walls, the rectangular walled areas called “Fang”. 
“Fang” was distinguished as “Li” and “Shi” by its function. “Li” is a residential area, and “Shi” is a 
market. “Li” and “Shi” was separated by walls, and having gates between them. The boundary of 
residential and business district was obvious. No mixed functions were in the same district. 
Furthermore, at that time the differentiation of residential area was palpable, the government 
officer and the civilian lived in their own “Li-Fang”.         
 
To the Song dynasty (960-1279 AD), with the augmentation of the regional economy, such as the 
development of business, transportation and handicraft industry, the trade and economic functions 
rapidly grew in cities, urban population also began to increase. Growth of the cities was strongly 
restricted by the walls and gates between “Li” and “Shi”. Then they were gradually demolished, 
and the business along the street began to increase. Thus, the “Li-Fang” system transformed to 
“Jie-Xiang” system. “Jie” means the main street, and “Xiang” means the road between housings. 
“Jie” divided the city into many blocks. Business was located along “Jie”, and “Xiang” divided each 






From that time, living differentiation of the government officer and the civilian almost 
disappeared. This pattern continued for over 1,000 years until the foundation of the Peoples 
Republic of China 1949. As a result, urban fabric in most Chinese cities (especially in Northern 
China) followed a rectangular pattern according to these basic thought of urban land use.    
 
  Figure 4.4: Transition from Li-Fang system to Jie-Xiang system (sketch by the author). 
Note: (1) The rectangular walled areas called Fang, a city block. There were two types of Fang 
according to its function; Li, residential areas, and Shi, markets. Li and Shi were separated by 
walls, and having gates between them. Therefore, the functions of each Fang were specialized, and 
the boundary of residential and commercial district was obvious.  
(2) Jie means the main street, and Xiang means the path between courtyards. Jie divided the city 
into many large blocks. Business was located along Jie, and Xiang divided each large block into 
several smaller residential blocks, the courtyard was located in these residential blocks. 
 
4.3 Urban Residential Space After 1949 
The communist government totally altered the fabric of Chinese cities after the foundation of the 
People's Republic of China in 1949. The once-elegant urban patterns of the ancient China have 
decayed into overcrowded slums, inadequate streets and crumbling monuments (Gaubatz, 1999). 
New kinds of residential space have mushroomed and fallen in urban China. This is the transition 
from danwei compound to xiaoqu and city complex which we will see this in the following sections.  
 
4.3.1 Pre Reform Period (1949-1978): Dominance of danwei Compound 
After the foundation of the People's Republic of China in 1949, one of the primary goals of urban 
planning was to build a new decentralized and self-sufficient urban form (Gaubatz, 1999). Socialist 
work-unit or danwei is a special form of organization which is generally adopted in China by 
various kinds of organizations, even the research institutes, universities, military and government 
related agencies. In China, at the primary stage of socialism, danwei was beyond an organization. 
Danwei is the fundamental structure of political, economic and social system in China under 
socialism (Lu, 1989). The establishment of danwei system was to achieve a comprehensive 






and Zhou, 1999).  
 
For the vast majority of urban residents, danwei was the source of medical care and social welfare 
as well as housing and employment; for the government, it was also the institution through which 
the urban population was housed, organized, regulated, policed, protected, educated, trained, and 
surveyed. Danwei was the basic unit of urban society providing its members with identity, or a 
“face”, and social belonging (Bray, 2005). From 1949 to 1992, people are inseparable with danwei 
from cradle to grave, danwei can reflect more personal attributes than his home address or 
birthplace, population movement between cities, occupations or danwei was strictly controlled 
under the danwei system (Chai and Liu, 2003). Because of the administrative functions and 
family-like characteristics, danwei had been unique enough to attract foreign scholar's attentions 
(Bjorklund, 1986; Bakken, 1996).  
 
Danwei compound is a special product of a special period. It is the material embodiment of danwei. 
Construction of danwei compound originally began in Beijing, and then copied to every city in the 
country. After the foundation of the People's Republic of China, the design of the nation referenced 
the Soviet Union, including master plan of capital. The administrative compound and troops 
stations and other danwei compounds were constructed just outside of the old Beijing city. To the 
west there are the Navy Command compound, Air Command compound, The General Logistics 
Department compound, General Political Department compound, the General Staff Department 
compound, and so many other military institutions' compounds; to the northwest there are the 
State Planning Commission compound (now is the National Development and Reform 
Commission), the Ministry of Machinery Industry compound, Textile Department compound, 
Ministry of Foreign Trade compound and others; to north there are colleges' and universities' 
compounds.  
 
These danwei compounds were mostly built around 1955, after the first land reform. All of the 
residential buildings in the compound painted by the same color, four storeys high and with office 
buildings in front, and courtyard between the buildings. Each state owned danwei compound is 
enclosed by a high wall and the People's Liberation Army on guard at the gate. Danwei compounds 
usually have service facilities such as school, theater, canteen, clinic, bathroom, post office, shop, 
cooperative, kindergarten, etc. The city outside the danwei compound only has departments, 
hospital and parks, and almost no people lived outside of danwei compound at that time. The 
compound has a special feeling for Chinese, even became an imprint of the past times, 
representing a way of life. There are many movies and novels reflecting the “compound life”. In an 
enclosed and self-sufficient compound, people's living space is fixed and the extent of social circle is 
extremely limited. Some compounds even formed a subculture of their own. In exaggeration, the 






is really like a small world. The city was managed through danwei, and the compound is a basic 
unit to form the city, e.g. the expense of gas, electricity, water by each household was gathered by 
Juweihui (neighborhood committee, an autonomous organization of urban residents based on 
danwei compound), but not to the municipal bureau. 
 
The compound usually has clearly defined “territory”, approximately 20-40 ha for a medium scale 
danwei, generally allocated the government. Danwei has the right to develop the land. Therefore, 
in order to manage the land more easily, danwei enclosed the land by walls and only left several 
gates to connect with the rest of the city. Service facilities inside the compound are only for the 
members and their families, and non-members are not welcomed. Some compounds are strictly 
guarded. Outsiders are not allowed to enter the “territory” without a good reason. For outsiders, 
the image of danwei is only the walls and gates, the compound has a clear boundary to divide 
“inside” and “outside”, strict interface separates the compound from the rest of the city. The 
compound also has good private space, the members have a feeling of possession or occupation in 
the compound, they walk the courtyard like walking in their backyard. Wearing slippers from 
home to go to the office outside business hour is not considered inappropriate, but if they went 
outside the compound, they must dress up; this is a sign of a strong sense of “home”.  
 
Danwei compounds provide a space that integrated living and working together, it can be said that 
the emergence of the danwei compound is a reincarnation of the Li-Fang system of the ancient 
Chinese cities. New walls and gates divided the urban land into many closed “territories”. Each 
one does not interfere with others. The spatial constraint let the pre reform Chinese cities 
















Figure 4.5: Danwei compound gate and wall in China, Xinxing Construction and Development 
Company located at Taiping Road, Beijing (photograph by the author, February 2014). 
4.3.2 Reform Period (1978-1998): Emergence of xiaoqu 
In the planned economy period, people's living conditions are basically based on his danwei, and 
the neighbors are often his colleagues who work in the same danwei. The implementation of the 
welfare housing system lasted until 1998. Before that, housing was not considered as a kind of 
commodity. Danwei was responsible for housing financing, construction and distribution. Each 
household needs to pay a certain amount of rent every month to danwei, but it was very low. The 
criteria of housing allocation were on seniority, family size, and professional title, etc. (Bian et al., 
1997). Each danwei has a similar scoring system; the members with a higher score have the 
priority to choose a house, while the score was mainly judged by the member's seniority. It was 
common that the senior employees choose their house before the junior employees. Therefore, most 






danwei, he must return the house to previous danwei. 
 
Land and housing reform in China began in the early 1980s. Due to the limited central budgetary 
investment, the purpose of the reform at first was to solve the infrastructure and housing shortage 
by attracting foreign investment. Then shifted to establish and expand urban land and housing 
market through policy regulations. 
 
Table4.1: Roadmap for major policy changes in the land and housing sector after 1980. 
Land Housing 
·Experiment in Provide Urban Land-use 
Rights to Foreign Investors and Joint 
Ventures, by the State Council in 1980 
·Enactment of Land Administration Law 
and Establishment of the Bureau of Land 
Administration, by the State Council in 1986 
·The Provisional Regulation on the Granting 
and Transferring of the Land Rights over 
State-Owned Land in Cities and Towns, by 
the State Council in 1991 
 
·Implementation Plan for a Gradual 
Housing System Reform in Cities and 
Towns, by the State Council in 1988 
·On Comprehensive Reform of the Urban 
Housing System, by the State Council in 
1991 
·The Decision on Deepening the Urban 
Housing Reform, by the State Council in 
1994 
·Notice On Further Deepening Urban 
Housing Reform and Accelerating Housing 
Construction, by the State Council in 1998 
Source: summarized from Wu et al. (2007) and the Ministry of Housing and Urban-Rural 
Development of the People's Republic of China website: http://www.mohurd.gov.cn/ 
 
Land and Housing reform in China took a gradual approach. From 1978 to 1997, danwei still 
played an intermediate role between market supply and state-subsidized consumption (Wu et al., 
2007). From 1982 the state tried to carry on the reform of housing system that fundamentally 
changed the direction of welfare housing system, and experimented with a new system in several 
pilot cities. The new system enables housing to be bought by the resident, solely or jointly with 
danwei and/or the state; and thus giving a way for an individual to own a whole or a part of 
property right (joint ownership was then terminated in 1988). By 1994, the central government 
basically established a reasonable housing system covering the whole country. In the end of 1998, 
the state fully stopped welfare housing system and shifted to the commercial housing system, and 
a fundamental change in housing development and living conditions started in urban China.  
 
Since the reform of the housing system in 1982, some danwei compounds in major cities started to 
disintegrate. Some danwei went bankrupt (later after the economic reform 1992), while some 






other except for the military and government related compounds, then released substantial 
amount of urban land which was then redeveloped into commodity housing estates, xiaoqu. 
 
The first commodity housing estates, xiaoqu was built from 1980 and finished in 1984, named 
“donghuliyuan”, or Charming East Lake, was located in the east suburb of Shenzhen, one of the 
most successful Special Economic Zones situated immediately north of Hong Kong. This xiaoqu 
was jointly developed by Shenzhen Properties Group (the first real estate company in China, 
established in 1980 and directly managed by the government) and Hong Kong Miaoli Real Estate 
Group. The first buyers of 108 houses are mostly Hong Kongers who had relatives in mainland 
China, because the house price was two times lower than Hong Kong and buyers could receive 3 
Shenzhen hukou (household registration). From that time, developers obtained the land 
development right from the state through land auction, then built and sold the use right of shang 
pin fang, commodity housing to households. Residents could only own the housing's use right for 
70 years, and the land was still owned by the state.    
 
Since the commercialization of housing began in the late of 1980s, previous subsidized public 
housing of danwei has been privatized through massive sell-off (Huang, 2005). Many residents left 
the compound to newer or more suitable housing when they obtained housing property right. They 
sold or leased out their previous housing in the compound to others who are not working in the 
same danwei, such as recent migrants and low-income families. So the residents living in the 
compound became more mixed, which further encouraged remaining compound residents to leave. 
Danwei compound that still remain has enclave of poor families, migrants, and retired danwei 
members in a deteriorated condition (interview, February 2014). 
 
Those who left danwei compound moved to xiaoqu. Xiaoqu was usually based on previous danwei 
compound on the same spatial extent or newly constructed for purely residential use with 
relatively independent environment, having 3,000 or more residents. The construction of most 
xiaoqu was done through unified planning and management, so the architectural style and 
interior layout are usually the same within xiaoqu; these characteristics are very similar to 
danwei compound. However, xiaoqu is not tied to employment and the inhabitants become more 
mixed. Housing tenure is in various forms; it may be owned outright, or on mortgage or rented. It 
provides better living environment, often has a garden, open space, recreational and fitness 
facilities for children and old people.  
 
If we believe that the danwei compound is a closed self-sufficient living unit physically and socially, 
thus xiaoqu is a semi closed living unit. There are some fundamental changes in xiaoqu. The walls 
became lower or brick walls were replaced by iron fence. Instead of guardsman or armed soldiers 






Service facilities such as drugstore, barber shop, restaurant, kindergarten etc. are usually at the 
ground level facing the street instead of the interior; they are not solely designed for people who 
living in this estate, but open to the rest of the city (Figure 4.6). Xiaoqu just became a pure living 
place; no space for factories and offices is allocated within xiaoqu, thus resulted in the separation 
of work and home in Chinese cities and thus allowed the city to expand. 
 
Figure 4.6: A typical xiaoqu in China (photograph by the author, March 2014). 
 






three decades since the housing system reform started in 1980s. In the past, people had no choice 
but to wait for the welfare housing distributed by danwei. After the termination of welfare housing 
system in 1998, people can choose the suitable location and tenure, no longer judged by their 
qualification in danwei. With the newly granted freedom of housing choice and residential mobility, 
urban households in China began to sifted and sorted socially, economically and spatially. A 
relatively homogeneous society organized around danwei compounds in socialist urban China is 
evolving into one with significant stratification and segregation (Huang, 2005, pp.192).  
 
4.3.3 Rapid Development Period (1998-present): Dominance of xiaoqu and Emergence of 
City Complexes 
City complex or HOPSCA, a complex comprised of hotels, offices, parks, shopping malls, clubs as 
well as apartments, is growing rapidly in China's large cities after 2000. City complex combines 
three or more functions, and establishes an interdependent and mutually beneficial relationship 
between each other, in order to form a dynamic and highly efficient structure. China's city 
complexes put more emphasis on the function of living, some of them providing more than 30% 
floor spaces for residential use, and living in the city complex is becoming a new trend. 
 
The exterior of city complex is totally different from danwei compound and xiaoqu, the walls and 
gates have disappeared. It emphasizes the connections with the rest of the city, providing various 
services for a district or the whole city. To the city it is an open place, therefore, it has geographical 
advantages, and has good access to subway or other public transportation modes, often directly 
linked to the airport highway. City complex is built with a concept of social ecological system, 
rather than a simple aggregation of different buildings, varieties and functions. As an entity, city 
complex has much higher density and economic efficiency than danwei compound or xiaoqu. One 
complex usually has hundreds of thousands of square meters or millions of square meters of total 
floor space. Thousands of people live and work as well as companies locates. Financial and tax 
contributed to the government can be greatly improved. To a city, city complex is a business center, 
a high-end living center and consumption center. It will be a symbol of a prosperous city, 
representing the direction of a new lifestyle and a new understanding of urban space. 
 
After the government announced policies in 2010 that limit the number of housings people can buy 
to cool down the market, commercial real estate have become the latest fad for developers 
(Chen,2011). In recent years, more and more city complex started construction in major cities. In 
Suzhou, Jiangsu Province, by the end of 2013, up to 25 city complexes were built or under 
construction. Hangzhou, Zhejiang Province, declared 100 large or small city complex projects. 
Shanghai claimed to add more than 50 city complexes from 2011 to 2013. Shenzhen is planning or 
constructing up to 16 city complex in the next few years. The total floor areas are over ten million 






China's new urban residents will increase by 400 to 500 million in the next 20 years, so Chinese 
cities must choose the intensive development patterns to overcome the shortage of developable 
land in urban area. In this point of view, city complex is a realistic choice.  
 
Essentially, the development of city complexes is a joint development of commercial and 
residential estates, and funded by real estate developers (including the investors from overseas), 
bank loans (there is no restrictions on the loans for “commercial real estate” development in China 
yet) and government subsidies. Jinniu Wanda Plaza (Figure 4.7), a complex of office, apartment, 
hotel and shopping mall opened in 2013 August in Chengdu, Sichuan Province. Chengdu is one of 
the most populous cities in western China, with over 14 million residents by 2010 (6th National 
Census), and ranked No.1 as the world's fastest growing city by Forbes in 2010. The complex is 
located in the south of the Chengdu Rail Station, between the 1st and 2nd ring road. Chengdu 
subway Line 1 directly connects the complex to the city center, and the other three subway lines 
are planned around the complex. The complex is the largest redevelopment project in northern 
Chengdu, covering an area of over 13 ha. In past, this area was a affluent residential district, 
because it was where the first 4 story housings in Chengdu were constructed in 1950s. This area 
has several state owned danwei compounds, such as Chengdu Railways Bureau, China Railway 
Erju Group, Huaxi Group and Southwest Jiaotong University. Also, a site for Hehuachi Market, 
which is the largest wholesale market of consumer goods in southwest China. Jinniu Wanda Plaza 
is developed in the former site of three previous xiaoqu living 3,069 households and 16 companies. 
Demolition started in 2009 October and lasted for one year. “The aim of the project is to convert 
Jinniu District as a new commercial center and a modern district for living. The completion of 
Jinniu Wanda Plaza will improve the living environment, update public service facilities and 
attract the employment opportunities. It will be the vehicle of urban redevelopment in northern 
Chengdu,” said Liuyan, the vice governor of Jinniu District. 
 
The acquisition of land for building the complex was through an open auction, by 800 million RMB, 
acquired by Dalian Wanda Group. Dalian Wanda Group is the largest commercial estate developer 
in China founded in 1988. The growth of the corporation is achieved by the installation of city 
complexes. And Dalian Wanda Group defined a Chinese style city complex with a slogan “Wanda 
Plazas are not located in the city center but building a new city center.” Jinniu Wanda Plaza 
belongs to the third generation of the estate brand, and the largest city complex in southwest 
China. Also the second flagship complex among 85 Wanda Plazas built in China. The rapid growth 
of city complex in large cities speeded up the restructuring of commercial market, meeting the 







Figure 4.7: Jinniu Wanda Plaza in Chengdu Jiniu district, in the left lower side is Chengdu 
Railways Bureau compound. 
(Uploaded from http://www.wdghy.com/sourcefiles/html/gwzx/323/picview.shtml )  
 
4.4 Case Study 
In this section, we are going to analyze the urban residential area change from Oct. 2001 to Dec. 
2012 in Chengdu, Sichuan Province. Chengdu is one of the most populous cities in western China, 
with over 14 million residents by 2010 (6th National Census), and ranked No.1 as the world's 
fastest growing city by Forbes in 2010. According to the Chengdu City Statistical Yearbook, the 
built up area has grown by 161% in the past 14 years. The real estate investment increased from 
790 million RMB in 1990 to 211.03 billion RMB in 2013. Figure 3 shows the amount of annual 
commodity housing registration in the six central districts (Jinniu, Qingyang, Jinjiang, Chenghua, 
Wuhou, Gaoxin) of Chengdu city. City complex firstly constructed at the end of 1990s, and 








Figure 4.8: Amount of annual commodity housing registration (unit: million sqm). 
Source: Bureau of Chengdu Real Estate Administration.  
 
The distribution of city complexes were plotted in Figure 4, three are about 203 city complexes 
built, under construction or planned to build in Chengdu metropolitan area. City complexes are 
mainly located along the subway lines and main roads. City complexes built before 2011 are more 
likely located near urban center with relatively small construction area. The recently built or 
planned city complex are always with large construction area (e.g. over 2 million sqm) and located 







Figure 4.9: Distribution of city complexes in Chengdu in 2014. 
Source: by field work in March 2014 and mapped by Arcgis 10.2 software. 
 
4.4.1 Changing Patterns of Residential Area 
In order to investigate the patterns of urban residential area transition, we select a sector in the 
city where went through the most dramatic changes during the last decade. The sector stretches 
over the city from the urban core (Tianfu Square) to the 3rd Ring Road along Shudu Ave, 
Shuanggui Rd and Yinghui Rd. It covers an area of 2,964 ha, about 1/18 of the total built-up area 
of Chengdu. We used the historical satellite images which were obtained from Google Earth (ver. 
7.1.2.2041) to monitor the urban land-use change. In 2001, at the initial stage of housing 
commercialization, large part of the residential area was still occupied by danwei compounds and 
the urbanized area was surrounded by agriculture land within the 3rd Ring Road. By 2012, most 
pre-1949 residential areas and danwei compounds were disintegrated and altered to xiaoqu or city 
complexes except for some universities and government agencies. What we want to emphasize is 
the on-site redevelopment of danwei compound usually without further configurations of former 
urban fabric. The size of redevelopment area was decided by the land auction rather than fit in 
with their surroundings. As a result, the new fashioned xiaoqu or city complex always adjacent to 
the residual danwei compound in the inner area, and large residential development project stand 
erect in the agriculture land. The enormous urban nature ecology and arable land in the urban 
fringe was urbanized during these years. Spatial contrast and social gaps is obviously. Chinese 

















Figure 4.10: Change of residential area from 2001 to 2012. (a) Residential areas in Oct. 2001; (b) 
Residential areas in Dec. 2012. 
Source: land use confirmed by field work in March 2014 and mapped by Arcgis 10.2 software. 
 
In the transition era, residential spatial differentiation and housing inequity happened across the 
city. Different kinds of residential areas, namely ①later developed outer area xiaoqu, ②residual 
danwei compound (e.g. institutes, universities, government related agencies), ③semi-rural 
residence, ④pre-1949 courtyard, ⑤city complex, ⑥urban village, ⑦early developed inner area 
xiaoqu, ⑧transformed danwei compound, and ⑨suburban cottage, etc. are coexisting in the 
urban context. The widening gap of the living condition between different social status were 
enlarged during the process of housing privatization (Figure 4.11). 
 
Figure 4.11: Different kinds of residential areas in Chengdu. 
 
4.4.2 Driving Factors Determining the Transitions in Residential Area  
Living in the danwei compound represents an imprint of the old times, leaving many memories to 
elder generations in urban China. But its collapse appeared to be inevitable under the pressure of 
correcting a lot of mismatches (e.g. allocation of commodity, urban land, human resources and 
housing) during the planned economy era.   
 
Firstly, the highly institutionalized danwei system is not suited for the market economy after the 






termination of rationing system, making the management situation of many service facilities in 
the danwei compound, such as canteens and shops, worsened and had been unable to maintain. 
 
Secondly, the danwei compound became a burden to the urban development. The location of 
danwei compounds were determined without scientific investigation and careful planning, with 
many heavy industry danwei located in downtown area. Under the pressure of the market 
economy, land resources needed redistribution.  
 
Thirdly, a great mismatch of human resources and market demand happened under the danwei 
system. Danwei were no longer the “iron rice bowl” when the transition from the planned economy 
to a socialist market economy (Won, 2004). Especially after the radical reform of housing system in 
the end of 1990s, danwei members left danwei compound and the composition of residents in the 
compounds became more mix, and a large number of floating population began to live in the 
compounds.  
 
Finally and most importantly, provision of housing has become a great burden to danwei and the 
state. At a point when danwei could no longer accommodate the rapid growth of urban housing 
demand, the state realized that commercial housing development will be a new engine to drive the 
economic growth. These essential internal and external changes have accelerated the 
disintegration of the danwei system and danwei compound, and thus the urban residential area 
was transformed into the then commodity housing estates, xiaoqu. 
 
As for the increasing number of city complex in the large cities, there are four main factors. The 
first factor is the adoption of new urban planning concept in the redevelopment project, such as 
new urbanism, cities need more efficient land use models to achieve further development. Almost 
all city complexes are located in the area with good accessibility, integrated transport, living and 
commercial functions, as well as providing various services within walking distance.  
 
The second factor is the government effort to enhance the image of cities. City managers believed 
that it can attract more investment and talent through improving infrastructures and updating 
urban environments. The impressive avant-garde design of city complex can make the city more 
competitive to some extent.  
 
The third factor is the change of real estate developer's investment direction. As residential 
development alone has become more risky in the present day, the joint development of commercial 
and residential areas can dissolve the risks to a certain extent. After the government announced 
policies in 2010 that limit the number of housings people can buy to cool down the market, 






development of city complexes is a joint development of commercial and residential estates, and 
funded by real estate developers (including the investors from overseas), bank loans (there is no 
restrictions on the loans for “commercial real estate” development in China yet) and government 
subsidies.  
 
The last factor is the diversification of urban residential demand. As with China's national 
economic growth, the rich class began to pursue the quality of life, and they are finding a place 
where they can obtain a full range of services for living in the city; working as well as enjoying in 
the neighborhood. City complex was built to satisfy their appetite. City complex usually as an 
urban redevelopment project is quickly taking off across China, particularly renovating the 
previous site of the danwei compound or xiaoqu. 
 
4.5 The Existing Problems  
Even though the development of residential area experienced and experiencing the transitions 
from danwei compound to xiaoqu and city complex, residential conditions in China are not too 
much optimistic. They need continuous improvement, but the speculative development lead by the 
government and developers leads to a large number of vacant housing, wasting a lot of resources. 
Ill-planned urban development in China is not only a economic problem, but also a serious social 
problem, causing a series of shortcomings. 
 
Firstly, the removal of city culture. The transitions in urban residential area removed many 
historic blocks. They were not only demolished a physical space, but demolished the imprint of one 
generation (Figure 8). Number of high-rise buildings became the only standard of representing 
prosperity. City managers only pursue quantity, but lacking long-term planning strategy. The 
uniqueness of a city is lost because of endless copying of the city complex from one place to another, 
making cities more similar and tasteless. The success of real estate industry cannot be equated 










Figure 4.12: A community at Jiefang East Road, Yuzhong district, Chongqing will be demolished. 








Secondly, the destruction of neighborhood community. The sense of “belonging” and “territory” in 
danwei compounds is becoming a history. The communities were broken up after the demolition of 
the previous living space. The close relationships between neighborhoods for decades will no 
longer exist or cannot be well maintained as before in high rise condominiums. In xiaoqu or city 
complex, neighbors are like strangers and almost no deep communication between them and the 
community becomes very weak. 
 
Thirdly, the incompleteness of land and housing market. After the Tax Assignment System Reform 
in 1994, local government was confronted by severe fiscal problems. As the housing development 
became the main revenue to local government, many cities have seen a building boom caused by 
government and developers led speculative development and the mismatch of housing supply and 
demand. Speculative development lead by the government and developers leads to a large number 
of vacant housing, wasting a lot of resources. Some local cities becoming “ghost towns” but “ant 
tribe”(e.g. migrant living in the basement) is emerging rapidly in large cities (Cook et al., 2013). 
 
Finally, great risk of potential hazards. Tens of thousands, even hundreds of thousands people live 
in one housing estate, with a relatively fragile social relationship, will inevitably cause huge losses 
in case of disasters (Figure 4.13).  
 
 







4.6 Chapter Summary 
China's living space in urban area experienced a danwei compound dominant era since the 
completion of the socialist land reform in 1952; then commodity housing estates, xiaoqu became a 
dominant living structure since the adoption of market economy and the commercial housing 
system began in 1980s; and with the rapid process of urban development after 2000s, city complex 
increased rapidly in large cities. Simultaneously, the physical and social spatial structure of 
residential areas in urban China are experiencing from enclosed to semi-enclosed, finally evolved 
into open form. When we consider the function of the blocks, they have changed from integrated to 
specialized then returned to integrate. The transition from danwei compound to xiaoqu is largely 
due to the result of the socio-economic system transformation and liberation of land market; and 
the increase of the city complex is largely due governments and developers alike making too much 
profit out of these developments. The enormous physical change of urban fabric triggers social 
change of neighborhoods and communities. Tradition living patterns have been broken, modern 
settlement not only affecting individual quality of life, but also becoming an obstacle to build a 
harmonious society.   
 
Nowadays, City block is still the basic unit of urban planning in China. Countless city complexes 
are being constructed almost always on the same site of the former area danwei compound or 
xiaoqu. Due to the government hosted land auction system in China, the wholesale replacement of 
old buildings in the same site is a common method of urban redevelopment. As a result, the 
coexistence of old and new, low and high, traditional and modern building in a very close distance 
is common, making the urban fabric appear as a mosaic like pattern. Currently, Chinese cities are 
under the process of socio-spatial restructuring and physical updating, and the coexistence of 







Figure 4.14: The transition from danwei compound to xiaoqu and city complex (sketch by the 
author) 
 
Future city should adapt to humanistic environment, geographical and social-economic conditions, 
to adjust measures to local conditions. Firstly, extensive development should be avoided and 
protective development should be provided. Especially a measure to protect valuable culture 
resources in a city would prevent short-sighted developments leading to the destruction of 
humanistic environment and resources. Secondly, provide more affordable housings for lower 
income class, especially for migrants. The government should pay more attention to the serious 
spatial differentiation in cities. More important than building new housings is to maintain and 
improve the existing residential environment, make it cleaner and more livable. Finally, creating a 
more inclusive urban planning scheme, involving economists, historians, geographers, civil 
engineers, with the participation of the mass urban residents, away from the market oriented 
profit making development decided by governors and developers. 
 
At present, landscape of city blocks, residents' lifestyle, geographical features, and the living 
wisdom of our ancestors in Chinese cities have not been well recorded and studied in-depth, but 
rather disturbed and erased by a loud roar from bulldozers. It will be an immense loss for our 
cities. This paper mainly focused on the urban residential space transitions since the foundation of 
the state, and hopes to give some clues to figure out the characteristics of urban transition in 
China. We strongly hope that this paper can cause further study of the evolution of Chinese urban 
living space, more importantly is to arouse the thinking of several vulnerabilities in our current 
living environment between stockholders at all levels. 
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5 The Shift of Planning Strategies in Aging and Depopulation Cities in Japan: 
Spatial Implementations towards Mature Society 
 
Building compact city is recognized as a main agenda to cope with the urban problems in many 
countries. Additionally in Japan, building compact city is also considered as a strategy to adapt 
cities to coming depopulation and aging society. This Chapter aimed at analyzing the impact of 
transit investment in a dispersed city. A 20 years span empirical study was conducted in Sendai 
city, Japan, a relatively low density and car dependent city.  
 
5.1 Introduction  
A conceptual framework about urban structure and sustainability was developed in urban 
planning and political approaches (Jabareen, 2006). Change a car dependent dispersed city to a 
more transit dependent compact city is one of the most popular strategies to relieve the 
environmental and fiscal constrains in municipalities. Additionally, as Japanese cities have been 
suffering long term low birth rate and aging since 1980s, how to adapt the situation of 
depopulation and rapid aging might be a main task in the 21st century. Local cities where the 
population is projected to decrease faster than in larger metropolitan areas, particularly in small 
and medium-sized cities. Therefore, planning, and implementation to tackle the emerging issues is 
urgently requested. Municipal governments are trying to find sustainable ways to cope with the 
unprecedented social-demographic change. From 1990s, some cities attempted to change the 
direction of urban development, i.e. from a dispersed urban structure to a more compact one (e.g. 
Aomori city, Toyama city, Sendai city, etc.), corresponding to the concepts such as new urbanism 
and growth management. A main common strategy is the renaissance of transit system, making 
the transit network works as axis for re-concentration of urban functions. Considering such 
situations, efforts have been made in the Sendai Metropolitan Area, which is the regional central 
metropolis in Tohoku (north eastern) region of Japan, Sendai government committed to realize a 
“Function-intensive urban form and regional revitalization” vision through establishing an 
integrated planning approach for transport and land use and to create an institutional setup for 
its implementation, instead of using a conventional transport planning approach based on a given 
future land-use distribution. 
 
Now, nearly 20 years later, it is needed to give a comprehensive analysis of the effect of this 
direction change. There were some intensive transportation impact studies in North American and 
European cities (e.g. Cervero, 1984; Knight and Trygg, 1977; Polzin, 1999; Vessali, 1996). The 
previous studies mainly considered the impact on land value and land use change, but rarely study 
examined the impact on the whole urban structure and transport mode. This study aimed to find 
the impact of transit investment in a dispersed urban area, to recognize its effectiveness and 






5.2 Regeneration of Local Cities in Japan 
Suburbanization and increasing dependence on automobiles as well as the development of large 
suburban shopping centers have directly undermined the position of the city centers. Ironically, 
relocation of public buildings such as local government offices, hospitals, universities, cultural 
centers, baseball parks, etc., to suburbs further aggravated the problematic situation of city 
centers in regional cities. Moreover, due to the globalization of economy, the manufacture sector in 
local cities lost its superiorities when compete with the emerging economies, such as Southeast 
Asia and China.  
 
Faced with the severe decline of cities centers, the City Planning Law was amended in 2006. The 
main aim of the amendment was to revitalize declining city centers, and it imposes regulations on 
the location of shopping centers with floor areas over 10,000 m2, and public buildings. Under the 
amended City Planning Law of 2006, the location of newly developed shopping centers is limited to 
three land use zones: the commercial zone, the neighborhood commercial zone, and the 
semi-industrial zone designated by the statutory City Planning Map. However, it cannot be said 
that the revitalization of city centers is on track. The current tendency of national government 
policy is to support winning horses in order to create driving forces for national economic 
development. Under this neo-liberal approach, competition among cities is growing increasingly 
intense. If the term “sustainable urban regeneration” is defined as “enhancing the attractiveness 
of cities in response to changing external social and economic conditions,” it entails cultivating and 
developing local resources through expanding social, economic, and knowledge networks (地方創
生) (Kidokoro, 2008). This section examines current efforts in Japanese regional cities and 
discusses their issues form the view point of the formation of local governance and planning 
approaches.        
 
5.3 Urban Planning Systems in Japan 
“Japan’s current urban planning system was established by the City Planning Law of 
1968, which replaced the old City Planning Law of 1919. Through the law has been 
amended from time to time since then, the basic structure remains same: the national 
government sets a framework which is uniformly applied throughout the whole nation 
and local governments (either municipalities or prefectures) formulate and implement 
the plans. There are two tiers of local government (47 prefectures and about 1,800 
municipalities). Prefectures have elected governors and elected prefecture assemblies. 
Municipalities have elected mayors and elected municipal councils; thus, politically, 
municipalities are independent from prefectures. The duty of prefecture is seen as 
dealing with issues that affect areas beyond municipal boundaries in the urban 







“The basic structure of the urban planning system is shown in Figure 5.1. The 
prefecture designates the City Planning Area (CPA) where the City Planning Law is 
applied. CPA may cover several municipalities or can be applied to a single 
municipality. The coverage of the CPA should ideally cover actual metropolitan areas, 
but often is decided based on political considerations among neighboring 
municipalities. Indeed, most CPAs are designated in a fragmented way and do not 
cover whole metropolitan areas. The prefecture formulates the City Planning Area 
Master Plan (CPA-MP). CPA-MP’s most important function is to designate the 
Urbanization Promotion Area (UPA) and the Urbanization Control Area (UCA), while 
municipalities are responsible for the designation of land use zones (12 categories), 
though consent from the prefecture is required for metropolitan-scale considerations.” 
(Kidokoro, 2008. p.148). 
 



















Figure 5.1: Urban planning system in Japan. 
Note: (*)The Municipal Master Plan should be in accordance with the City Planning Area Master 
Plan and the Basic Concept Plan. When decoded by the municipality, the Municipal Master Plan 
as well as the Zoning Plan requires the prefecture's consent. 
(**)Zoning Plans for municipalities in the Tokyo, Osaka and Nagoya metropolitan areas are 
decided by the prefecture. 
CPA Master Plan 
(may cover several 
municipalities or cover only one 
municipality) 
-General Direction of spatial 
development for the CPA 
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Source: revised from Kidokoro (2008). Figure 8.1. p.148. 
 
“If properly applied, UCA designation is a quite strong tool for preventing sprawl. In 
UCAs, urban developments are not allowed. CPAs covering cities with populations of 
100,000 or more are basically to be divided into UPA and UCA in order to avoid sprawl 
in urban fringe areas under guideline of the Ministry of Land, Infrastructure and 
Transportation in charge of urban planning. If this designation is to work effectively, 
CPAs should cover whole metropolitan areas and the division of land into UPA and 
UCA should be applied to all CPAs. But, due to a loophole in the system, unfortunately 
this is not the case. CPAs of smaller cities surrounding central cities are not 
necessarily required to be divided into UPA and UCA. Thus, suburban municipalities 
quite often oppose being divided into UPA and UCA or being included in the CPAs of 
central cities so that they can retain the possibility for urban development. The 
legitimacy of the division of land into UPA and UCA is therefore significantly 
undermined. Moreover, urban developments are principally allowed in areas outside 
UCA as the landowner’s right of development. As a result, urban developments are not 
allowed in the fringe areas designated as UCA in the central cities, but conversely 
could be allowed in neighboring small cities. The amendment of the City Planning 
Law in 2006 was made partly in response to this problematic situation, though it only 
regulates the location of large-scale shopping centers. The problems regarding the 
location of residential developments remain unsolved.” (Kidokoro, 2008. p.148-49). 
 
5.4 Planning Approaches by Local Government 
“Figure 5.2 shows the styles of public decision-making, analyzed according to two 
planning issues: planning style (plan-led or project-led) and the extent of involvement 
of different stakeholders. Among the styles of public decision-making shown in the 
figure, corporatism is typically seen in European countries. This style of public 
decision-making occurs through negotiations among a few influential bodies such as 
government, businesses and labor unions. Pluralism seems rather characteristic of 
North America, where the legitimacy of public voting and the allocation of resource 
through market system are widely supported. On the other hand, Japan, similar to 
China and Korea, has had a long tradition of public decision-making under 
established bureaucracy with strong hierarchy from the national government through 
the prefectures to municipalities, as seen in the hierarchical structure of the urban 
planning system.” (Kidokoro, 2008. p.150). 
 
 






widely observed throughout the world. In Japan, too, the shift from government to 
governance is seen in response to the transition from pro-economic regional 
development in the past to sustainable development seeking balance among economic, 
environmental and social dimensions. Generally speaking, following the approaches 
toward governance is observed in Japanese regional cities (Figure 5.2): the corporatist 
plan-led approach, the market-oriented project-led approach, the ad-hoc citizen 





















Figure 5.2: Conceptual framework for governance style and planning approach regarding urban 
regeneration. 
Source: Kidokoro (2008). Figure 8.3. p.150. 
 
“The corporatist plan-led approach implements rather consistent urban regeneration policy 
through strengthening the partnerships among the mayor, bureaucrats, local politicians and the 
private sector leaders who have an interest in urban regeneration. The essence of the 
market-oriented project-led approach is the promotion if urban regeneration through deregulation 
measures to facilitate private investment in symbolic urban development projects that are 
expected to fuel revitalization. The ad-hoc citizen-initiative approach represents bottom-up 
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(Kidokoro, 2008. p.151). The three cases (Kanazawa city, Takamatsu city and Matsuyama city) 
examined in Kidokoro (2008) seem to represent the three approaches respectively, and make it 
possible to grasp the current trends in the formation of governance and issues facing Japanese 
regional cities.   
 
These approaches implemented in the three cities for urban regeneration are regarded as 
successful examples to some extent, however, clear mechanisms to make regional spatial 
development policy are not observed. Some cities introduced the compact city and low 
carbonization strategy as the main direction for future development in the Master Plan, a study by 
Taniguchi et al. (2012) summarized Japanese cities which implemented this strategies from 2001 
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Figure 5.3: The changes of cities which adapted the compact city strategy in the Master Plan. 
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all times in 1987, 1992, 1999, 2005, 2010. 
Source: Taniguchi et al. (2012). 
 
In the comprehensive urban spatial development cases, Toyama City and Sendai City are the 
pioneers in shifting the spatial planning strategies towards a more sustainable urban future. In 
the case of Toyama City, some studies have reported the planning implementations (Takami and 
Hatoyama, 2008; Kasahara, 2007), as well as some gratifying achievements in the recovery of 
population in urban center, and the increasing ridership of public transport (Fukayama, Kato and 
Shiroyama, 2007). While our study aims to faithfully report the gains and losses for the Sendai 
Metropolitan Area Approach in spatial planning, it is not only focusing on the basic concept, 
analytical method, planning procedures, but also the importance of institutional setup for the 
implementation, and the policy measures. 
 
5.5 Case of Sendai City     
5.5.1 Study Area 
Sendai Metropolitan Area is chosen as a case study. Sendai city is located in the Tohoku Region, 
North Eastern Region of mainland Japan (Figure 5.4). There was over 1 million population living 
in Sendai City according to the 2000 Census, and is the 12th largest city in Japan. The city is 
recognized as an administration hub of Tohoku Region, having concentration of regional branch 
offices of nationwide enterprises and tertiary sector is dominant. 
 






5.5.2 Challenges Confronting Sendai City 
Sendai City is now facing several significant demographic, economic, environment and 
transport-related changes, summarized as follows. 
 
1.  Population:  
Aging and declining in population: the city’s population grows slowly from 2000, after the 2011 
East Japan Earthquake, the population increased due to the migrants from disaster areas. It is 
predicted to start declining after peek in 2015 and decrease by about 10% over the next 20 years 
according to the NIPSSR (2008). Moreover, the ratio of those 65 and older will increase from 19% 
in 2010 to 31% in 2035. These levels are almost comparable with the national average. 
 
Suburbanization and decrease in population density: The city rapidly expanded during the rapid 
economic growth period in 1960s and 1970s as with other large cities. The Densely Inhabited 
Districts (DIDs: census districts with over 4000 people per square km), as defined in the Census 
from 1960, expanded more than 4 times whereas their population density dropped to 2/3 in the 
past 50 years.  
 
2.  Economic 
Decay of shopping streets in center area: due to the rapid development of shopping centers in 
suburban area, the attraction of small individual shops in city center is significantly reduced. 
From 1996 to 2008, the sales of daily commodities is decreased by 23.6%, the share of floor space 
(from 35% in 1988 to 19% in 2007) and total annual sales (from 34% in 1988 to 21% in 2007) in 
urban center also declined due to the greatly increase in suburban area. The number of 
pedestrians on Sundays also dropped 17% from 2005 to 2009. Furthermore, the percentage of 
vacant shops and tenants increased from in 4.75% in 2001 to 8.21% in 2008 (Sendai Choshinbu 
Shyotengai Syorai Bijon, 2010). 
 
Budget constraint: due to financial situations such as stifled economic growth and increased 
mandatory expenditures, such as the increase of auxiliary costs by the development of aging, 
significant decrease in municipal budgets is inevitable in the near future. Therefore, the council 
suggested a feasible and effective urban development strategy that is within the available 
financial means.   
 
3.  Transportation: High reliance on automobiles 
Unlike the three largest metropolises of Japan, Sendai Metropolitan Area is a car dominant city 
with relatively low density suburbs, and over 55% of total trips were by individual vehicles 
according to the 4th Sendai Metropolitan Area Person Trip Survey in 2002, which increased by 






decrease, and in particular bus ridership dropped 6% from 1982 to 2002 (Personal Trip Survey in 
Sendai Metropolitan Area) 
 
4.  Environment 
CO2 emission from transport sector grew by 31% from 1990 to 2005, the share of CO2 emission 
from transport is 12% higher than the national average in 2005. Although the parks are increasing 
in the urbanized area, the green space is continuing decreasing due to the housing and facility 
development in suburban areas. Meanwhile, the growing areas where are suffering road noise is 
also a problem.     
 
5.5.3 Spatial Planning Strategy of Sendai City    
The city government tried to change the unsustainable situation and began to reconsider the 
master plan in the early 1990s. A new approach has been proposed in urban spatial planning 
based on population dynamics, financial constraints, and environment problems, in particular, on 
land use balanced with available transport infrastructures. As a result, the city adopted a compact 
development strategy in the 1998 city master plan. This approach is the reverse of the traditional 
approach: land use is the basis for planning with transport infrastructures as given conditions. In 
order to make the approach feasible, a council to coordinate stakeholders was established that 
includes local authorities and transport operators and is headed by the Miyagi prefecture 
government (Miyamoto et al., 2010).  
In general, the new approach mainly has two basic concepts: 
(1) from low density suburbanization to consolidated urban areas along transit corridors; 
(2) From land use-led development to integrated development of transport and land use. 
 
As some specific measures, the city delayed and canceled nearly 70km proposed automobile route 
in the suburban areas, instead, the city reorganized the bus routes and began constructing the 
second subway line (i.e. the Tozai (East-West) Line due to open in the late 2015). A main direction 
in the 1998 master plan was to restructure the then low-density car-oriented urban structure. The 
city considered four sub-centers in the inner suburban areas, all around the existing rail stations. 
The existing Namboku (North-south) Subway Line (partially opened in 1987 and fully opened in 
1992) and the coming Tozai Subway Line were considered as two axis for the re-concentration of 
urban factions. Floor to area ratios were increased in station areas to attract more developments of 








Figure 5.5: Concept of Sendai City Master Plan in 1998. 
Source: Sendai City Master Plan 1998.  
 
5.5.4 Impact Assessment of Transit Investment 
Impact on Population and Household Distribution 
Our analysis is mainly based on the Census and application of Geographical Information System. 
This study adopted the most basic indicators in the assessment of transit investment (Peter and 
Kenworthy, 1999). Due to the availability of high quality data since 1990, this study analyses the 
population and household change from 1990 to 2010. Analyzing this period allows examination of 
the urban changes after opening of Namboku subway Line and some Japan Rail (JR) stations 
opened after 1985. This study analyzed 79 stations in the Sendai Metropolitan Area, 30 stations 
are subway stations (including Tozai Subway Line stations), the rest are JR stations; 46 stations 
were constructed after 1985, and the rest were constructed in early years.   
 
The Namboku Subway Line is the first rapid transit system in Sendai city, and recognized as one 
of the most important infrastructure development project in the city's history. It is 14.8 km long 
has 17 stations and links the two sub-centers in the north (Izumi Chuo) and south (Nagamachi). 






sub-center in 1992. 
Figure 5.6 presents the population and household change 1990-2010 in the study area based on 
the standard mesh (around 1km x 1km grid) data. More dynamic changes were observed during 
1990 to 2000. Population and households increased substantially in the northern suburban areas, 
between 5 and 10 km away from city center. However, in 2000-2010, the increases were more 
concentrated near the urban center except some estate development sites in the suburban area.  
 






Source: standard mesh data of Census, 1990, 2000, 2010. 
 
Population and household changes differ considerably near and away from the stations. Figure 5.7 
shows the ratio of population and household changes comparing the mesh within 1km from 
stations (station areas) and those over (non-station areas). Before 2000, the growth rates of 
population and household in non-station areas exceeded those of station areas. After 2000, as the 
new urban planning strategy were announced in 1998, the population and household growth in 
non-station areas slowed down, and in the contrary, the growth in station areas accelerated. 
 
Figure 5.7: Population and household change in station areas and in non-station areas. 
 
Impact on the Urban Landscape  
The population and household growth in station areas was closely related with the development of 
high-rise apartments, especially owner-occupied condominium. We plotted the location of almost 
all the condominiums (about 1,379 buildings) in Sendai Metropolitan Area developed after 1970, 
and we find nearly 70% of the developments were located within 1km buffer area from the new 
stations opened after 1987 (Figure 5.8). Before the opening of the subway line, the developments of 
condominiums were located mostly in the inner city areas, especially in the west side of Sendai 
Station in the fringes of the CBD. After the opening of subway line and some new stations on the 






















Figure 5.8: Development of condominiums in Sendai Metropolitan Area. (a) Location of 
condominiums in Sendai Metropolitan Area until 2015. 
(b) Condominium Apartments in Sendai Metropolitan Area, 1970-2011.  
Data source: Furuta planning 2007 and field work. 
 
Impact by the Location and Development Timing of Stations  
Although we confirmed the overall population and household increase in the station areas, the 
degree vary among stations. We found that it is closely related with (1) distance from the city 
center, and (2) whether the station opened before or after the residential development of the 
surrounding areas. We examine these in detail.  
   






































































































ordered by the distance to city center. For the stations located in within 3km from the city center, 
the population decreased from 1990 to 2000, but then reversed afterwards; in the areas 3-7km 
from city center, the population decreased during the whole period because of independence and 
separation of children brought up in those areas except some redevelopment areas 4-5km from city 
center; while in the areas 7-15km from city center, population continued to grow, particularly near 




Figure 5.9: Population change in station areas by the distance from city center. 
 
  Previous transit impact studies tended to neglect the importance of the order of transit 
investment and residential development. In the case of Sendai city, population stagnated or even 
decreased in some inner suburb stations and outer suburb stations (Figure 5.9). The reason is that 
these areas were already occupied by low density single family housing before the station opened, 
so these neighborhoods with car dependence characteristics almost impossible to become a high 
density residential area within 20 years. Therefore, it is very important to recognize that transit 
investment does not necessarily lead to high density if the transit investment decision was made 
too “late”. Table 5.1 shows that population and household increase in the area within 1km or 
0.5km from stations will be much reduced if the station opened after the residential development. 











Table 5.1: Population and household changes by the order of urban development (1990 to 2010). 
Order of urban development 
Population change within 1km 
(within 0.5km) 
Household change within 1km 
(within 0.5km) 
1990 to 2000 2010 to 2010 1990 to 2000 2000 to 2010 










Station opened after   









Data source: calculation based on Census by using ESRI Arc GIS Ver.10.2.2. 
 
Impact on Transit Ridership 
  We confirmed the overall population and household change by railway line from 1990 to 2010 
(Table 5.2). As a result, the proportion of population in areas within 1km from stations grew from 
38.74% to 43.86% due to the opening of new stations during 1990 to 2010. The population 
increasing in station areas can be considered the incensement of small household, e.g. unmarried 
household. However, the transit ridership is not necessarily associated with population growth. 
The population and household in Namboku Subway station areas increased 1/4 and 1/2 
respectively, unexpectedly, the ridership decreased nearly 3% in these 20 years. Some possible 
explanations are that transit in Sendai city is in short of network effect, that is one of the rational 
for building Tozai Subway Line despite the Namboku Subway Line is on a deficit; the fare is very 
high in the case of subway, the minimum adult fare is 200 Japanese yen (about 2$), 1.5 times 
higher than JR line, and almost 2 hours parking fee in the urban center. As a result, similar as the 
population and household growth patterns, the growth of transit ridership always related with the 
timing of station openness. the ridership grew 6.62% in the new stations which opened before the 
residential area development, and decreased 7.36% on the contrary. From the statistics [6], The 
growth of ridership in the JR Lines are due to the passengers shift from bus use. In the meanwhile, 
the share of car use trips grew 7% during 1992 to 2002. Individual vehicle are still the dominant 













Table 5.2: Population and household growth in station areas and the changes in transit ridership 
(1990-2010). 
Railway type 
Population change  Household change  Ridership change  













Namboku Subway Line － 25.22% － 49.37% － -2.77% 
Sen-Seki JR Line -3.58% 12.56% 17.51% 39.09% -5.15% 11.61% 
Sen-Zan JR Line 21.79% 11.98% 47.10% 55.37% 75.03% 139.73% 
Tohoku JR Line 24.29% 25.16% 53.73% 36.82% -2.70% 41.60% 
Airport Line － 47.19% － 85.85% － -9.57% 
Total 14.01% 18.63% 40.06 41.26% 1.89% 0.74% 
Note: changes of new stations are according to the opening year to 2010, e.g. Airport Line opened 
in 2007, and the change was calculated from 2007 to 2010. 
Data source: Statistics of Sendai, Sendai City Transport Bureau.   
 
5.5.5 Conclusions and Discussions 
This study aimed at examining the impact of transit investment on urban structure and transport 
mode change in a dispersed urban area. We chose Sendai Metropolitan Area as a case study, a 
typical city with a car dominant and low density character. Main findings are as follows:  
 
(1) Higher population and household growth were observed in station areas, but the degree varied 
among stations.  
(2) Growth were closely related with distance from the city center; the 1970s developed inner 
urban areas located 3-7km from urban center are suffering serious ageing and losing of younger 
population will difficult to attract new inhabitants;  
(3) Whether the station opened before or after the residential development of the surrounding 
areas will affect the significance of growth; 
(4) Despite growth in station areas, it was not necessarily associated with growth in transit 
ridership. The significant growth of transit ridership happened in the new stations which opened 
before the residential area development.    
Therefore, we should recognize the importance of the order of transit investment and residential 







As some limitations in this study, we did not considered the other indicators, such as the change of 
employment, retail and commercial activities, etc. Due to the limitation of paper length, we did not 
describe the character of new inhabitants who moved to the station areas, as well as the change of 
population structure. Furthermore, we should point out that the re-concentration of residence 
function in the station area will not realize without the changing of urban planning direction. The 
alteration of zoning in the station areas associated with land readjustment project played an 
important role in this process. As further works, examination of household turnover and the effect 
of zoning would enable us to know how long it will take for the ridership to recover in station areas 
where station opened after residential development. 
 
5.6 Chapter Summary  
The primary problems confronting urban center areas, and the whole cities, in Japan’s regional 
cities are depression and hollowing out of downtown shopping streets; aging and degradation of 
the living environment in suburban areas; and collapse of community identities. The actions by 
the municipal government are introduced in this chapter. Sendai City, as a pioneer towards a 
sustainable development, has redefined the city image and alternates the spatial planning 
through many steps. The government is committed to build a compact city through improving the 
transit networks. Significant findings are that investment in transit enables high density 
residential developments around stations. However, the impact is much reduced in places where 
stations were constructed after residential development; therefore the development order of 
transit and housing is important. Although the population density in station areas grew in the last 
two decades, the share of transit use does not increase too much and car use remains to be 
dominant. Therefore, the scale of transit development is another factor to determine the modal 
shift. As a result, Sendai City might have lost the most important timing (Acharya and Morichi, 
2007) to develop transit system, but, the policy will save the city from a wrong way. As a result, we 


















Appendix D Low Carbon City Act 
Source: MLIT. http://www.mlit.go.jp/toshi/city_plan/eco-city.html 
 
1. Promotion of low carbon city 
(1)Background of Low Carbon City Development 
As an aging society with declining birthrate, it is imperative to promote reforming city structure so 
that the elderly as well as child-raising generations can enjoy safe, secure and comfortable life 
style. While fiscal deterioration is expected in the long run, maintenance and renewal cost of 
over-grown infrastructure stock, and recurring cost for public service, such as social welfare and 
sanitation, weigh heavily. It is an urgent task for cities to cut down such costs and make 
investments for future. Also considering the impact of urban activities on global warming, now is 
the time to reform cities and regions, and make cities and regions sustainable and livable. 
 
 
Figure 1: Compact city as solution for constraints. 
Source: revised from MLIT (2014b) 
 
Responding to those constraints in above, we need to start making cities compact, by placing 
services for daily needs close to where people live, so that residents do not have to rely too much on 
personal vehicles, rather access them using public transport. Existing city centers and areas 
where urban services are already concentrated will serve as city cores and sub-cores, and 
residential areas will be placed on the periphery. City cores and sub-cores will be connected via 
public transport. 
 







Figure 2: Schematical image of compact city. 
Source: MLIT (2014b) 
 
(2) Outline of Low Carbon City Development 
Due to the decrease in population, it is feared that urban problems, such as CO2 emission increase, 
fiscal deterioration, inconvenience of urban life, impoverishment of the regional economy, etc., will 
become more serious in Japan. 
 The Government of Japan, therefore, has taken measures to promote the “Low Carbon City 
Development”, aiming to reform urban structures to be sustainable; 
For the Environment, 
For the Efficient Fiscal Expenditure, 
For the Safe, Secure and Comfortable urban Life. 
 The Low Carbon City Development has three initiatives; 
Initiative for the Transport and Urban Structure sector 
Initiative for the Energy sector 





















Outline of the Low Carbon City Development is as follows. 
 
 
Figure 3: Outline of Low Carbon City Development 
Source: MLIT (2014b) 
 
(3) Major Actions for Low Carbon City Development 
 
Recent Trends concerning Global Warming Countermeasures 
With the global movement toward the reduction of CO2, Japan has been working on measures to 
achieve the Kyoto Protocol Target. The Kyoto Protocol Target Achievement Plan includes the 
“Realization of compact, low-carbon urban structures”. 
 






Source: MLIT (2014b) 
Low Carbon City Development Guidance 
Ministry of Land, Infrastructure, Transport and Tourism formulated the “Low Carbon City 
Development Guidance” as a technical guidance to support local governments intending to realize 
low carbon cities in 2012. 
The guidance indicates the methods to use for realizing low-carbon city development and assessing 
the effects of policy measures (CO2 reduction, absorptions). 
 
Figure 5: Low Carbon City Development Guidance 
Source: MLIT (2014b) 
 
Low Carbon City Act (Eco-City Act) 
Low Carbon City Act was enacted as first step in bringing in new perspective, eco-friendly lifestyle 
in declining and rapidly aging society, and providing an environment where people and business 








Figure 6: Low Carbon City Act (Eco-City Act) 





























Appendix E Outline of Sendai City Master Plan in 1998 
 
Table 1: Outline of spatial strategy in Sendai Metropolitan Area 
Basic directions Policy Implementation measures 
To promote the 


















































(1) Make the rail network as the 
development corridors, promote 













(2) Induction of new development 














(3) Integration and cooperation of 







(4) Build comprehensive  
transport systems to support 











Densify land use along rail 
corridors through land 
readjustment project, 
redevelopment and induction 
of development activities; 
 
Densify land use according 
to the regional 
characteristics through 
cooperation of citizen and 
government;  
 
Redevelopment of brown 
field; 
 
Effective usage of vacant 
land lots; 
 
Obey the land use zoning 
system when enlargement of 
urbanized area; 
 
Obey the land zoning system 
when enlargement of City 
Planning Area;   
 
Induction and regulation of 
land development in 
Urbanization Control Area; 
 
Promote a widely adaptive 
planning scheme including 
Sendai-Shiogama 
Metropolitan Area; 
Enhancement and expansion 
of  functions in city center 
areas; 
 
Develop sub-centers around 
terminal rail stations;  
Expansion the ability of 
public transport, promote 
“access 30 minutes Concept” 
through the construction of 
Tozai Subway Line, and 
readjustment of existing bus 
and rail lines; 
 






















Improve the quality of 










(5) Improve the function of 
infrastructures 
 
(6) Consider the appropriate 
distribution, induction of urban 







(7) Formation of strong urban 











(8) Form a charming, prosperous 






(9) Improvement the living 








Enhancement of the 
corporation across transport 
systems through improving 






Enhancement of the walking 
and cycling road, 
construction of urban parks, 
etc.;  
Alternate the zoning system 
flexibly according to the 
change of social-economic 
situation; 
Choose suitable locations for 
public facilities not rely on 
car use; 
 
Build fire blocking zones and 
open space, etc.; 
Enhancement of lifeline; 
Prevention of flood damage; 
Reform for earthquake 
resistance building   
Prevention of ground 
disasters; 
 
Improve quality of buildings 
in sub-centers, build 
residential area with full of 
greenery, keep the  variety 
of ecological system and 
landscape, make full use of 
waterfront 
Maintenance of the road 




Protection of green space in 
urban area, make full use of 
natural energy sources, 
protect water bodies and wet 
land 
 
Build environment impact 
assessment institutions and 
guild lines 














仙台市基本構想 仙台 21 プラン 仙台市総合計画 2020 















































































Appendix G Innovations in Urban Design  
 
Source: Knox (2010). Table 4.1. p.82.  
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6 Conclusion and Prospect 
 
Urban development during the 20th century can be characterized as a process of expansion and 
redevelopment, with the formation of a huge and highly-advanced complex of built environment to 
adapt with the growing population. However, it has become difficult to ensure that urban space 
can adapt to environmental constraints and economic, social and cultural changes in the coming 
decades. The sustainability of urban space is seen as an important issue in the 21st century.  
“Sustainability is now a generic word to express the need for a long-term perspective where this is 
reduced demand on environmental resources and on environmental sinks; it is also express the 
need to make the necessary changes in ways that are economically and socially beneficial.” 
(Newman and Kenworthy, 2000). 
 
The motivation of this study is originated from the thought about the sustainable development of 
urban space. This study has attempted to set a context of concepts, terminology, and measurement 
criteria for the discussion that urban space and sustainability. It pulls together in systematic 
fashion a host of ideas from an immense literature in a variety of academic fields, such as 
architecture, urban social geography and urban planning. The language of systems theory has 
been employed as a guiding framework, as a technique, but not at the expense of alternative 
approaches. 
 
The most suitable analogy to the city is usually the human body. When we regard the building are 
the basic unit of the city, just like cells to human body; similarly, the block, district, and the whole 
city are corresponding to organ, system and the whole body; road, pipe lines and other 
infrastructures to the city are like blood vessels to human body. The city will grow up and get 
stronger, it will also experience decline get weaker. Urban problem such as traffic congestion and 
urban sprawl are just like thrombosis and obesity, etc. Maintain the sustainability of the city, just 
like keep alive and robust of human bodies. Urban planners are like doctors who have the 
responsibility to keep the city healthy and give treatment when urban problems happen. But, our 
geographers are more like a pathologist, who will survey and analyze the process and the reason of 
these problems from a spectator's perspective. The ideal doctor should not only do surgery, but also 
could understand the pathology.    
 
6.1 Main Results of This Thesis 
The central premise of this thesis is that the spatial attributes of a city can affect its sustainability. 
It is now widely accepted that a relationship exists between the shape, size, density and other 
configurations of a city and its sustainability. However, consensus is lacking about the exact 
nature of this relationship. The relative sustainability of, e.g. high and low urban densities, or 






sustainable in some aspects, e.g. in reducing travel, or enabling fuel efficient technologies, but 
detrimental in others, perhaps in harming environmental quality or producing social inequalities. 
Some forms may be sustainable locally, but not be beneficial city wide or regionally (Williams et al., 
2000).     
 
This study attempts to answer three key questions. First, what is the sustainability of urban 
space? Second, what is the relationship between spatial attributes and sustainability? And third, 
how can it be achieved? In order to answer these questions, we introduced the concept of urban 
spatial attributes which can measure the urban space from physical, social-economic and 
perceived aspects in both quantitative and qualitative ways. 
 
The thesis has three parts which respond to the three key questions outlined above. Chapter1 
addresses the first question, Chapter 2, 3 and 4 the second, and Chapter 5 the third. Chapter1 
introduces the concept of urban space attribute, what it will defined, how it will function and how 
it will related with sustainability. Chapter 2, 3, 4 investigate the relationships between spatial 
attributes and sustainability from three approaches, physical, social-economical and perceived 
aspects, respectively. Chapter 5 introduced the cutting-age urban spatial planning strategies in 
Japanese cities for a more sustainable urban future. 
 
In Chapter 1, we defined the scope of this thesis that the meaning of sustainability in this study 
refers to the sustainable use of urban space. Because the sustainable use of urban space is 
relevant to the sustainability of environment, society and economy. 
 
In Chapter 2, we conducted quantitative analysis in 70 Japanese cities to investigate the 
relationship between urban spatial attributes and travel behavior in urban area. Because of travel 
behavior is strongly related with the sustainability of urban space not only environmentally but 
also social-economically. 
 
It could be inferred that the physical form of cities have impact on the modal choice of urban 
transport. Through multi-regression analysis, the distribution of residents and jobs had important 
impact on the car use, as well as other spatial attributes such as city size, density, accessibility, 
and housing type, etc. Moreover, cities which are located at large metropolitan areas have more 
non-motorized transport use than local cities. Therefore, it can be say that car independent cities 
with higher density and sophisticated transit system are more sustainable than cities with low 
density and more car use in the perspective of sustainable urban space use. However, the 
assessment of sustainability of urban space should not only consider the efficiency, but also the 
quality of urban environment. Mass rapid transit systems could sustain in large cities due to the 






inadequate of green spaces; public transit is difficult to sustain in small car-based cities, but travel 
by car can provide more freedom, flexibility and comfort in some extent. Therefore, how to take a 
balance with efficiency and quality of urban space is rather complex.  
 
In Chapter 3, we are trying to provide new insights for urban and housing studies from a 
demographic perspective. We conducted empirical analysis in four regional center cities: Sapporo, 
Sendai, Hiroshima and Fukuoka in Japan. We attempted to investigate the relationship between 
spatial pattern of aging in urban areas and the sustainability of urban space. We put the 
phenomenon: aging in inner suburbs, gentrification in city center and new housing development in 
outer suburbs into a single context through recognizing the residential segregation by age groups. 
The lifecycle of household is coherent with the change of neighborhood and housing development 
and redevelopment. It is predictable from the study that the spatial pattern of aging 
neighborhoods in Japanese mono-centric cities is strongly related with the development period of 
residential areas. Aging neighborhoods firstly appeared in early developed residential areas close 
to city center; and then spread to inner suburbs and finally to outer suburbs according to the 
development process. The mechanism of aging in Japanese cities is very different from western 
countries, which is characterized by the immobility of elder residents and move out of young 
residents in aging residential areas.  
 
After 1990, in large cities, residential areas near city center regaining young households and 
becoming rejuvenation as reported in the previous literatures. On the other hand, the rapid 
increase of aging neighborhoods in suburban areas can be considered. Figure 6.1 shows three 
different patterns of neighborhood change in urban areas. Neighborhood near city center with high 
ratio of rented houses will avoid continual population decline and aging due to the inflow of 
migrant households, the decrepit aging neighborhoods will be redeveloped to high-rise residential 
buildings or commercial facilities and the community function will be maintained; neighborhood in 
the inner suburb areas composed by own houses and rented houses will experience population 
decline and aging, and then be partial redeveloped due to the accessibility level of the 
neighborhoods, the population decline and aging will be mitigated; neighborhoods in the outer 
suburb areas almost composed by own houses will experience aging and population decline even 
though these neighborhood is occupied by young household now.   
 
As a result, as our model shows in Figure 6.1, the polarization of urban residential area is 
happening in Japanese cities which are related with the sustainability of urban space. The 
essential problem of residential areas can be considered as the continual declining of housing 
demand in Japanese cities. Nowadays, the aging neighborhoods in large cities are almost 
developed in the period of rapid economy growth, whereas are not suitable for residential use 





















Stages of neighborhood change 
Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ 
a urban center rapid growth stable growth maturity maintaining maintaining 
b inner suburb rapid growth stable growth maturity decline redevelopment 
c outer suburb rapid growth stable growth maturity decline destruction 
Figure 6.1: Dynamics of urban residential area change. 
 
The unsustainable urban space is related with the segregation of residential areas by age groups. 
Neighborhood change is determined by the life course of dominant residents, in the case of outer 
suburb neighborhoods, it could be divided into five phases.  
 
StageⅠis the period of rapid population growth due to young couples move-into the neighborhood. 
These neighborhoods always located at the peripheral areas of urban region adjacent to rural area. 
As the population growing, related facilities, such as clinics, schools and shopping centers will be 
built to meet the demand. 
 
Stage Ⅱ is the period of stable population growth due to the born and bring up of children in 
families.  
 
Stage Ⅲ is the period of maturity, means no migrant move-into the neighborhood and no new 
houses are developed. In this period, population will decrease due to the move out of children 
generation; as a result, the average size of households is becoming smaller. 
 
Stage Ⅳ is the period of decline, public transport, schools and retail businesses are difficult to 
maintain in downsizing communities. The downgrade of livability in the neighborhood will cause 










continual population move out, new migrants will not move-into this kind of neighborhood. As a 
result, vacant houses and land lots will increase; the efficiency of urban land use is becoming 
lower;  
 
Stage Ⅴ is the period of destruction, elderly generation in the segregated neighborhood will cause 
some social problems, such as solitary death (someone who lives alone and dies of natural causes 
at home without anyone knowing). As a result, houses will be abandoned and the neighborhood 
will become a ghost town.  
 
As a result, outer suburb neighborhoods are difficult to sustain in a depopulation and aging period. 
How the aging neighborhoods could avoid being trapped in a vicious cycle is a big challenge to 
municipalities.  
 
In Chapter4, the relationship between urban spatial attributes and sustainability of urban space 
is investigated in a perceived perspective. This study is conducted through field surveys in rapid 
developing Chinese cities. We founded that the basic urban fabric went through a social and 
physical transition that apparently changed from pre-1949 residential areas and work-unit 
compounds into commodity housing estates, then to city complexes during the last three decades. 
The enormous physical change of urban fabric triggers social change of neighborhoods and 
communities. Traditional living patterns have been broken, new settlement patterns not only 
altered the image of the place, but also weakened the linkage of households in the neighborhood. 
The blind redevelopment of urban space makes Chinese cities losing the uniqueness and attraction 
of urban space, for people who pursuing the quality of life will move out from the neighborhood, 
the isolated space by different social hierarchies is becoming an obstacle to build a harmonious 
society.  
 
In Chaper5, we attempt to consider how sustainable urban space development could be realized by 
introducing urban planning strategies against depopulation and aging society in Japanese cities. 
Commonly, the importance of the integration of land use and transit planning is emphasized. 
Addition to the results from previous studies, it was revealed that, STOP, i.e. the scale of transit 
investment which related with the accessibility of urban space, the timing of transit investment 
that means before or after the rapid expansion of urban area, the order of transit development that 
means transit oriented development or not, and the policy that means regulations or promotions of 
land use and transport, is relevant to the effect of planning.  For example, although installation of 
urban transit expects higher density, the effect depended on order; new stations in already 







6.2 Achieving Sustainable Urban Form 
Aging and depopulation in Japanese cities will provide some experiences to other countries. Table 
6.1 summarizes the differences in urban planning strategy in growth society and mature society, 
based on Nishimura (2009). During the period of transition from a growth oriented strategy to a 
smart shrinkage oriented strategy, the comprehensive planning of land use and transport is a 
useful tool in the future (Act of Suitable Land Use Planning 立地適正化計画制度, MLIT(2014c)).   
 
Table 6.1: Urban Planning in Mature Society. 
成長社会 Growth Society 成熟社会 Mature Society 
物質的豊かさ Pursuing material wealth 心の豊かさ Pursuing Spiritual richness 
急速な成長 Rapid growth ゆっくりとした成熟 slowly maturation 
変化への迅速な対応 Respond quickly to change 安定へのじっくりとした対応  
Carefully corresponding to stability 
専門家による対処 Deal by expert 住民による対処 Deal by residents 
経済重視 Emphasize economic  生活重視 Life focus 
短期的成果 Short-term outcome 長期的安定 Long-term stability 
経済の力 The force of the economy 文化の力 The power of culture 
未来への夢が原動力 
The driving force is a dream towards the future 
安定した現在が原動力  
Driving force is currently stable  
熱い競争社会 Competitive society 穏やかな協調社会 Peaceful cooperative society 
地域のハード整備  
Hardware development of the region 
地域のソフト整備 
Software development of the region 
都市計画 Urban planning まちづくり Machidukuri 
行政主導 Government-led 住民主体 Residents-led 
法治（規制による統治） 
Regulated by law (rule by regulation) 
民治（合意による統治） 
Regulated by residents (rule by agreement) 
タテワリ Top down ヨコツナギ Yokotsunagi 
プロフェッショナル Professional アマチュアリズム Amateurism 
公平･効率 Fairness and efficiency 透明･裁量 Transparency and discretion 
前例主義 Empiricism 創意工夫 Originality and ingenuity 
画一的で硬い Standardized 個性的で柔軟 Unique and flexible 
性悪説  
View of human nature as fundamentally 
depraved 
性善説 
View of human nature as fundamentally 
virtuous 
アウトプット Output プロセス Process 
量的規制 Quantitative regulation 質的向上 Qualitative progress 






Source: revised from open lecture in the University of Tokyo (Nishimura, 2009). 
 
Through this study, we will conclude two important points to instruct urban planning.  
(1) Build a integrated spatial planning strategy timely  
The strategy should consider the four basic elements of the city: human, building, transport, and 
nature environment, as we emphasized in Chapter 1. These elements are interrelated with each 
other and could divide into three dimensions as Figure 6.2 shows. Therefore, the sustainability of 
urban space should view from three approaches: physical space, social-economic space and 
perceived space. The division of three aspects is just a convenient simplification of real world. A 
comprehensive consideration of the sustainability of urban space should encompass aspects of all 





















Figure 6.2: Triangle model of sustainable urban spatial planning strategy. 
 
(2) Urban management should incorporative and far-sighted 
Urban management should incorporate three sectors: government, citizens and nonofficial sectors, 
such as NPOs, NGOs, experts and enterprises. Information such as the culture, history, 
demographic, industrial, and fiscal situation of the city, even statistics should flow without 





















government should offer the opportunity for discussion with citizens, they also need to establish a 
platform and open doors to individuals to absorb knowhow from outside or oversea counterparts. 
Finally, the goals of urban development should adjust measures to local conditions, not build cities 
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vigorous discussions 
Information share    
across department 
without barrier  
Demonstrate the 










     Promotion of policy, bring up the power of individual, vitalization of regions... 
(b) 
Figure 6.3: Incorporate model of urban management. 
From this study, we want to give some specific ideas about how to make the urban space more 
sustainable, in other words the sustainability of urban space requires: 
 
(1) Promoting the intra-urban accessibility 
The accessibility level of place is related with the density of land use, which is relevant to the 
continual development and re-development of the area. Station areas with good accessibility are 
more likely re-developed and keep vibrant. Large cities are densely developed along the transit 
lines, small cities with inadequate transit system will be developed to a low density dispersed 
pattern. The comprehensive planning of residential or business and transport system is very 
important, otherwise, strict regulation of land development should be implemented in small cities.   
 
(2) Maintaining the stability of communities 
The stability of community related with continues supply of local service, which determines the 
efficiency use of facilities. Some facilities are difficult to sustain in the segregation communities 
with bias age group(s). The mix of various kinds of housing styles for different generations in 
community is necessary; this requires a sophisticated housing market which can promote the 
transaction of second hand house.   
 
(3) Keeping the succession of communities 
The icon or uniqueness of a city is formed by the long time attachment to a place, which will form 
the tradition and local culture; this will attract people and reinvestment. Even though the 
re-development of urban communities can be done by government backed projects, and fueled by 
rapid economic growth and speculation, it is only possible by government coercion and rapid 
growth period in current China.  








(4) Recognize the importance of Scale, Timing, Order and Policy   
The sustainable use of urban space needs efficient use of space (to some extent, compactness) and 
with high level of accessibility. The integration of transit investment and land use planning is 
essential in the spatial planning strategy, however, the importance of scale, timing, order and 
policy should be emphasized. Suitable scale needs good urban expansion forecast, although it had 








6.3 Prospect of Future Studies 
This study regards the city as an individual system, and we analyzed the internal structure of the 
system and its relationships with sustainability as the main task of this study. This study applies 
a comprehensive approach from three different aspects; however, due to some limitations of this 
study, we hope this study will give some hints for further researches.  
 
Firstly, the relationship between urban spatial attributes and travel behavior should be 
investigated in much more detail. This study mainly considered at the macro level, further studies 
need analysis in micro level, for example the application of big data from mobile phones or transit 
log data. Moreover, as the rapid growth of ICT industry in the 21st century, it is needed to consider 
the fourth dimension of urban space, the cyberspace. The cyberspace will have strong impact on 
the physical space we live, such as travel behavior, housing choice, and facility locations. This field 
has already attract some researchers studies (e.g. Benedikt, 1991; Graham, 4998; Hagan, 2000), 
however, it still need to further understand. 
 
Secondly, comparative studies for the spatial pattern of aging in multi-nuclei cities and 
mono-centric cities should be conducted to enlarge our knowledge about the geographies of aging. 
Furthermore, studies on the spatial pattern of aging at various spatial levels (city, metropolitan, 
region, national) are needed; as well as under different social-economic, culture background in 
different countries.  
 
Fourthly, this study only provides a case study in China to discuss the sustainability of urban 
space in perceived aspect. Further studies should do more deep investigations from sociology, 
anthropology and psychology.  
 
Finally, the concept of building “post growth city” is advocated in Hino (2015), “the sustain of social 
and economic vitality through individual-city-centered networks, i.e. develop human resources and 
to establish a social-economic environment that enable linkages with various cities and regions 
worldwide even if the investment of large enterprises decreases together with a decrease in 
population and economic globalization”. The study of the sustainability of metropolitan area and 
urban system will be new frontiers for urban study. For example, the study of forecasting the 












Appendix H The change of attitude to life (Material wealth Vs Spiritual richness) 
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の都市では、60 年代以前に開発された都心部は 20 代、30 代の小規模世帯が多く居住している；
60年代から 70年代にかけて、いわゆる高度成長期に開発された近郊外の住宅地では、60代後半、
70 代とその以上の高齢者世帯が多く居住し、この地域では、子供世代の転出と親世帯の定住によ
って高齢化の深刻化が共通である；80 年代から 90 年代に開発された遠郊外地域では、50 代と高
齢者になる直前の世帯が多く居住している；2000 年以降に開発された都市外延部の住宅地では、










































































   ある； 
（４）公共交通機関整備と土地利用の一体化空間計画を取り組む。 
 
 本研究は建物のタイプ、様式と言ったハード面、および居住人口の年齢構成と言ったソフト面；
また、都市の人口分布、施設へのアクセシビリティと言ったマクロ面、および駅周辺土地利用と
言ったミクロ面から、総合的に都市空間の持続性問題を議論した。さらに、人口学の視点から、
住宅地開発、市街地の再開発など都市の空間問題を研究することに独創性があると考えられる。
将来の研究として、（１）異なった空間スケール、例えば都市圏単位、都市システムの持続性問題
の検討；（２）より精密なモデルの開発によって、将来人口分布および地域構造の予測；（３）人
本主義の観点から、まちづくり是正の検討；（４）異なって政治経済環境下、都市空間持続性の比
較研究が必要だろうと考えられる。 
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